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** Died, Dec. 17, 1880. tt Died, Jan. 29, 1882. fi # Died, Aug. 12, 1892. 
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THE considerable bulk of the annual volume of Transactions has induced the 
Publication Committee to direct that the full list of members of the Society 
should be omitted from the preliminary matter therein. The list which would 
have been published here is that which was corrected up to July, 1896, and was 
issued as a second edition of the Seventeenth Catalogue. The following sum- 
mary records the number of members in each grade : 


Honorary Members........ 
Associate Members..... 
Junior Members....... 


* These Life Members are included in the total membership above, in the class to _—. 
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RULES OF THE AMERICAN SOCIETY OF 


q 


Art. 1. The objects of the American SooreTy oF MECHANICAL 
- ENGINEERS are to promote the Arts and Sciences connected with 
Engineering and Mechanical Construction, by means of meetings 
for social intercourse and the reading and discussion of profes- 
sional papers, and to circulate, by means of publication among 
its members, the information thus obtained. 

Art. 2. All persons connected with engineering may be eli- 
gible for admission into the Society. 

Art. 3. The Society shall consist of Honorary Members, 
Members, Associates, and Juniors. 

Art. 4. Honorary Members, not exceeding twenty-five in 
number, may be elected. They must be persons of acknowl- 
edged professional eminence. 

Art. 5. To be eligible as a Member, the candidate must be 
not less than thirty years of age, and must have been so 
connected with engineering as to be competent as a designer 
or as a constructor, or to take responsible charge of work in 
his department, or he must have served as a teacher of engineer- 
ing for more than five years. 


NoTE.—The Rules of the Society, adopted in 1880, were in force until 1884, 
when they received a general revision by « careful committee, whose report, dis- 
tributed by letter ballot, was adopted November 5, 1884. In December, 1894, 
a similar extensive revision was made under direction of the Council, and the 
present rules are those of 1894. They include the amendments made in 1889, 
1891, and 1898, which were the only changes since the revision “ 1884, “sae 
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be not leas than twenty-six years of age, and must have the other 
oe qualifications of a mentber ; or he shall have been so connected 
with engineering as to be competent to take charge of work, 
 ~and to cooperate with engineers. 
ae Art. 7. To be eligible as a Junior, the candidate must have 
had such engineering experience as will enable him to fill 
a responsible position, or he must be a graduate of an engineer- 
ing school. 

Art. 8. All Honorary Members, Members, and Associates 
shall be equally entitled tothe privileges of membership. Jun- 
iors shall not be entitled to vote, nor to be officers of the 
Society. 

Art. 9. Nominees for Honorary Membership must be pro- 
_ posed by at least five Members who are not officers of the 
; — References shall not be required of a nominee for 


cation is made must be fully set forth in writing and signed by 
proposers. 

Arr. 10. A candidate for admission to the Society, as a 
_ Member or as an Associate, must make an application on a form 
_ to be prepared by the Council, which shall contain a written 
_ statement giving a complete account of his engineering ex- 
_ perience and an agreement that he will, if elected, conform 
ce to the laws, rules, and requirements of the Society. He must 
refer to at least five Members or Associates personally known 
to him. A candidate for admission to the Society as a Junior 
- must make an application on the same form and refer to not 
less than three Members or Associates personally known to 

him. 

Art. 11. The referees for each candidate for admission to 

_ the Society shall be requested to make a confidential communi- 
- cation on a form to be prepared by the Council, setting forth in 

detail such information, personally known by the referee, as 
shall enable the Council to arrive at a proper estimate of the 
: eligibility of the candidate for admission to the Society. Such 
confidential communications shall be destroyed by the Secretary 
as soon as the vote has been officially declared. 

Art. 12. All applications for membership must be presented 
to the Council, and this body shall consider each application, 
assigning to each, with the applicant’s consent, the grade in 
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_ ‘The rejection of a candidate by seven voters shall defeat his 
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the Society to which, in its opinion, his qualifications entitle 
him. The names of those candidates recommended for election 
by the Society shall be immediately printed on a ballot, and the 
ballot’ mailed at once by the Secretary to each voting member 
of the Society. ~— desiring to change their grade of 
membership from junfor to associate or from associate to 
member shall make an application in the same manner and on 
the same form as that required for a new applicant. 

Art. 13. A member entitled to vote may leave the name of 
any candidate on the ballot untouched to vote in favor of the 
admission of the candidate to the Society, or he may erase the 
name to vote against it. He shall enclose the ballot so 
approved by him in a sealed blank envelope, and enclose this 
envelope in a second envelope, on which he shall write his 
name, and mail the same to the Secretary of the Society. A bal- 
lot without such endorsement shall be rejected as defective. 


election. 

Art. 14. The aforesaid envelopes containing the ballots shall 
be opened by the Council, at any meeting thereof, and the names 
of those elected shall be announced in the next meeting of the 
Society. The names of applicants not elected shall not be an- 
nounced, nor recorded in the proceedings. 

Art. 15. Endorsers of any applicant not elected may, within 
three months after such failure to be elected, lay before the 
Council written evidence that an error was then made. The 
Council may then, by a three-fourths vote, order another similar 

~ ballot by the Society, in which case thirteen negative votes shall 
be required to defeat the candidate. 

Art. 16. Honorary members shall be elected by the unani- 
mous vote of the Council, through a letter ballot, not less than 
sixty days subsequent to the proposal, a notice of which pro- 
posed election shall have been mailed at once by the Secretary 
to each member of the Council. . 

Art. 17. Each person elected, excepting honorary members, 
must subscribe to the Rules of the Society, and pay the initia- 
tion fee before he can receive a certificate entitling him to the 
rights and privileges of the Society, and to wear the emblem 
appropriate to his grade. If this payment is not made within 
six. months of the election, the same shall be void, unless the 
time is extended by the Council. The emblems of each grade 


A 
= 
$, 
Lo! 
~ 
ae 
= 
rt 
q 
“Age 
i 
ate 
AD 
Soke 
4 
ote 


x 


of membership shall be worn by those only who belong to that 
grade. 

Art. 18. The initiation fee of a member or an associate shall 
be twenty-five dollars, and the annual dues shall be fifteen dol- 
lars, payable in advance. The initiation fee of a junior shall be 
fifteen dollars, and his annual dues ten dollars, payable in ad- 
vance. A junior being promoted to any other grade of member- 
ship shall pay an additional initiation fee of ten dollars. Any 
member or associate may become a Life Member in the same 
grade, by the payment of two hundred dollars at one time, and 
shall not be liable thereafter to annual dues. 

The Council shall have the power, for special reasons, by 
unanimous vote, through a letter ballot, to admit to life member- 
ship, without the payment of the sum above named, such person 
as for a long term of years has been a member or an associate, 
when such a procedure would in its judgment be for the best 
interests of the Society ; provided that notice of such action shall 
have been given at a previous meeting of the Council. 

ArT. 19 Any member of the Society in arrears may, at the 
discretion of the Council, be deprived of the publications of the 
Society, or, when in arrears for one year, he may be stricken 
from the list of members. Such person may be restored to the 
privileges of membership by the Council on payment of all 
arrears. 

Arr. 20. The affairs of the Society shall be managed by a 
Council, consisting of a President, six Vice-Presidents, nine 
Managers, and a Treasurer, who shall also be the Trustees of 
the Sociéty. 

All past (ex) Presidents of the Society, while they retain 
their membership therein, shall be known as Honorary Coun- 
cillors, and shall be entitled to receive notices of all meetings of 
the Council and may take part in any of its deliberations ; they 
shall be entitled to vote upon all questions except such as affect 
the legal rights or obligations of the Society or its members. 

Art. 21. The members of the Council shall be elected from 
among the members and associates of the Society at the annual 
meetings, and shall hold office as follows: 

The President and the Treasurer for one year; and no person 
shall be eligible for immediate re-election as President who shall 
have held that office for two consecutive years; the Vice-Presi- 
dents for two years, and the Managers for three years; and no 
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Vice-President or Manager shall be eligible for immediate re- 
election to the same office at the expiration of the term for which 
he was elected. 

Ant. 22. A Secretary, who shall be a member of the Society, 
shall be appointed for one year by a majority of the members of 
the Council at its first meeting after the annual election, or as 
soon thereafter as the.votes of a majority of the members of the 
Council can be secured for a candidate. The Secretary may be 
removed by a vote of twelve members of the Council, at any 
time after one month’s notice has been given him by a majority 
of its members to show cause why he should not be removed, 
and he has been heard to that effect. The Secretary may take 
part in any of the deliberations of the Council, but shall not 
have a vote therein. His salary shall be fixed for the time he 
is appointed by a majority vote of the Council. 

Art. 23. At each annual meeting, a President, three Vice- 
Presidents, three Managers and a Treasurer shall be elected, 
and the term of office of each shall continue until the end of the 
meeting at which their successors are elected. 

Art. 24. The duties of all officers shall be such as usually 
pertain to their offices or may be delegated to them by the 
Council or by the Society. The Council may, in its discretion, 
require bonds to be given by the Treasurer. 

Art. 25. The Council may, by vote of a majority of all its 
members, declare the place of any officer vacant, on his failure’ 
for one year, from inability or otherwise, to attend the Council 
meetings, or to perform the duties of his office. All such va- 
cancies and those occurring by death or resignation shall be 
filled by the appointment of the Council, and any person so ap- 
pointed shall hold office for the remainder of the term for which 
his predecessor was: elected or appointed; provided that the 
said appointment shall not render him ineligible at the next 
annual meeting. 

Art. 26. Five members of the Council shall constitute a 
quorum. Members of the Council absent from a meeting may 
vote by letter upon subjects stated in the call for the meeting, 
said vote to be deposited with the Secretary. 

Art. 27. The President on assuming office shall appoint a 
Finance Committee and a Publication Committee and a Library 
Committee of five members each. The appointment of two 
members of each Committee shall expire at the end of each 
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year. The Secretary shall, ex officio, be a member of all three 
committees. 

Art. 28. The Finance Committee shall have power to order 
all ordinary or current expenditures, and shall audit all bills 
therefor. No bill shall be paid except upon their audit. When 
special appropriations are ordered by the Society, they shall 
not take effect until they have been referred to the Council and 
Finance Committee in conference. 

Art. 29. It shall be the duty of the Publication Committee to 
receive all papers contributed, and to decide upon which papers 
or parts of the same shall be presented at the professional 
meetings of the Society. They shall see that all editorial revi- 
sions of the proceedings, papers, discussions, and reports are 
made ; and to decide what parts of the same shall be published 
in the proceedings of the Society. The Council may at its dis- 
cretion revise any action of the Publication Committee. 

Art. 30. It shall be the duty of the Library Committee to take 
charge of the collection of all material for the Library of the 
Society, and to supervise all regulations for its use. 

Art. 31. At the regular meeting preceding the annual meet- 
ing a nominating committee of five members, not officers of the 
Society, shall be appointed, and this committee shall, at least 
thirty days before the annual meeting, send to the Secretary 
the names of nominees for the offices falling vacant under the 
‘rules. In addition to such regularly appointed committee, any 
other five members or associates, not in arrears, may constitute 
an independent nominating committee, and may present to the 


names of such candidates as they may select. All the names of 
such independent nominees shall be placed upon the ballot 
list, with nothing to distinguish them from the nominees of the 
regular committee, and the Secretary shall at once mail the said 
list of names to each member and associate in the form of a 
letter ballot, it being understood that the assent of the nominees 
shall have been secured in all cases. 

Art. 32. In the election of Vice-Presidents, each member and 
associate may cast as many votes as there are Vice-Presidents 
to be elected. He may give all these votes to one candidate, or 
distribute them among more, as he chooses. Managers shall be 
voted for in the same way. 

_ Arr. 33. Any member or associate entitled to vote may vote 


Secretary, at least thirty days before the annual meeting, all the — 
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by retaining or changing the names on said list, leaving names 
not exceeding in number the officers to be elected, and return- 
ing the list to the Secretary—such ballot inclosed in two 
envelopes, the inner one to be blank and the outer one to be 
indorsed by the voter. No member or associate in arrears 
since the last annual meeting shall be allowed to vote until said 
arrears shall have been paid 

Art. 34. The said blank envelopes shall be opened by tellers 
at the annual meeting, and the person who shall have received 
the greatest number of votes for the several offices shall be de- 

Art. 35. The annual meeting of the Society shall be held on 
the first Tuesday in December of each year, in the City of 
New York, unless otherwise ordered, at which a report of pro- 
ceedings and an abstract of the accounts shall be furnished by 
the Council. The Council may change the place of the annual 
meeting, and shall, in that case, give timely notice to members 
and associates. 

Art. 36. Other regular meetings of the Society shall be held 
in each year at such time and place as the Council may appoint. 
At least thirty days’ notice of all meetings shall be mailed by 
the Secretary to members, honorary members, associates and 
juniors. 

Art. 37. Special meetings may be called whenever the Coun- 
cil may see fit; and the Secretary shall call a special meeting 
at the written request of twenty or more members. The notices 
for special meetings shall state the business to be transacted, 
and no other shall be entertained. , 

Art. 38: Any member, honorary member or associate may 
introduce a stranger to any meeting; but the latter shall not 
take part in the proceedings without the consent of the meeting. 

Art. 39. Every question which shall come before the Society 
shall be decided, unless otherwise provided by these rules, by 
the votes of a majority of the members and associates present, 
provided there is a quorum. 

Art. 40. At any regular meeting of the Society thirteen or 
more members and associates shall constitute a quorum. 
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Art. 41, Unless otherwise ordered, papers shall be read in 
the order in which their text is received by the Secretary. _ 
Before any paper appears in the T'ransactions of the Society, a a ; 
copy of the paper shall be sent to the author, and, so far as ie ‘ 
possible, a copy of the reported discussion shall be sent to 
every member who took part in the same, with requests that 
attention shall be called to any errors therein. rn ie 
Art. 42. The Society shall claim no exclusive copyright in Boe 7 
papers read at its meetings, nor in reports of discussions, e 
except in the matter of official publication with the Society’s 
imprint, as its Transactions. The Secretary shall have sole 
possession of papers between the time of their acceptance by — 
the Publication Committee and their reading, together with the Re me 
drawings illustrating the same ; and at the time of such ee 
or as soon thereafter as practicable, he shall cause to be printed, __ 
with the authors’ consent, copies of such papers, “ subject to re~ 
vision,” with such illustrations as are needed for the Tvansac- — 
tions, for distribution to the members and for the use of technical — ae 
newspapers, American and foreign, which may desire to reprint — 
them in whole or in part. The policy of the Society in this 
matter shall be to give papers read before it the widest circula- _ : 


tion possible, with the view of making the work of the Society — 
known, encouraging mechanical progress, and extending the 
professional reputation of its members. 

Ant. 43. The author of each paper read before the Society __ 
shall be entitled to twelve copies, if printed, for his own use, 4 
and all members shall have the right to order any number of 
reprints of papers at a cost to cover paper and printing; pro- 
vided, that said copies are not intended for sale. 

Art. 44. The Society is not, as a body, responsible for the 
statements of fact or opinion advanced in papers or discussions, 
at its meetings; and it is understood that papers and discus- 
sions should not include matters relating to politics or purely __ 
to trade. 

Art. 45. These rules may be amended, at any annual meeting, 
by a two-thirds vote of the members present; provided, that 
written notice of the proposed amendment shall have been 
given at a 4 
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AMERICAN SOCIETY OF MECHANICAL ENGINEERS, 


THE opening session of the sixteenth annual meeting differed 
from any of its predecessors in that the death of the elected 
President of the Society, Mr. E. F. C. Davis, while in office, had 
left a vacancy in the presidential chair and had made it neces- 
sary for the Council to appoint his successor under the rules. 
It was felt to be fitting that the appointee should be introduced 
to the meeting by one of the past presidents. This duty fell to 
the lot of Mr. J. F. Holloway, who spoke as follows: 

For the first time in the history of our Society we meet to 
find the chair of our President made vacant by death; for the 
first time the Council has been called upon to appoint a person 
to fill the unexpired term of a President elected by the Society. 
This the Council has done, and later on it will be my duty as 
well as my pleasure to introduce to you the person whom it has 
appointed. 

This is not the time, nor the place, in which to speak at length 
of the many charming qualities possessed by our late Presi- 
dent, Mr. E. F. C. Davis; that will be done by another at the 
proper time. As the death of Mr. Davis was sudden, un- 
expected, and to some extent mysterious, and as many per- 
sons present did not have the opportunity of reading the city 
contained all then obtainable of 
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this sad affair, perhaps a brief recital of the facts concerning it, 
so far as they are known, will be of interest. 


wont during the summer, and while his family were out of the 
city, to come to New York in the evening, and take rest and 


owner of a fine Kentucky riding horse, which he kept near the 
Park for this purpose. On the evening of August 6th, as was 
his practice, he called at the stable for his horse, and, mounting 
him, entered alone the bridle-path of the Park. 

From his entrance to the Park until later it is not known 
that he was seen by any one until found dead by the road- 


Be. > side by a company of mounted police who were returning to 
a their stations. The most reasonable theory by which to ac- 
a count for this lamentable accident was that his horse, from 


some cause or another, took a sudden fright, and, shying, threw 
its rider, who, in falling, struck a stone, which caused his death. 
While this is the most probable cause of the death of Mr. Davis 
it is, at the same time, a difficult one to understand, as he was 
reputed to be an expert rider. 
While the death of such an estimable gentleman as was Mr. 
Davis is ever a great loss to the community at large, and a 
severe and sadly lamented one to the Society over which he had 
ber presided with such marked ability and dignity, who of us can 
ix estimate the feeling of utter loneliness, that sense of desolation, 
which such a death must bring to the home circle of which he 
was the honored and well-beloved head. And if the heartfelt 
sympathy of those who knew and admired him as their associate 
in the business affairs of this Society, of those who were his 
associates in its membership, could, in the slightest degree. 
serve to lighten the load of sorrow they bear, how kindly it 
would be tendered, and how sincerely it is! 

Before introducing the gentleman appointed by the Council 
to fill the remainder of the term for which Mr. Davis was elected, 
I desire to say a few words indicative of my own feelings when 

first elected as the President of this Society, and what has been 
* - the feeling of all those who have followed me in that office, and 
= I know to be the desire of the gentleman who is now about 


to assume its obligations and duties. 
_-_In a Society having so large and so widely extended a mem- 
bership as has the Amesionn Society of Mechanical Engineers, 


Mr. Davis, whose place of business was on Staten Island, was © 


recreation by horseback riding in Central Park. He was the _ 
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it is impossible for any incoming President to know personally 
very many of the members who may be in attendance at any of 
its meetings. This is a source of much embarrassment to the 
presiding officer, but it is one which can be greatly lessened: by 
those present if they are so disposed, and I think the manner © 
of doing it needs only to be pointed out to be adopted. The 
way to accomplish this is for each member, as opportunity may 
offer, to present himself to the President, make his acquaint- — 
ance, and let him make yours. I am certain that this will be 
highly appreciated by your Presidents, and will certainly make 
each one more at home and more at ease. 

I perhaps need not repeat what I have so often said about 
the duty of each member to do what he can to make each meet- 
ing as great a success socially, and an occasion for making and 
renewing acquaintance, and for promoting genial, kindly good- _ 
fellowship, as it is for bringing out and distributing useful _ 
knowledge in the various lines of our industries and professions. __ 
It is a well established and recognized fact that, while our Soci- 
ety has and is doing much to add to the world’s stock of useful 
knowledge in matters technical and scientific, it is none the less | 
renowned for the harmony and good feeling attending the trans- 
action of its business affairs, and, above all, for a kindly regard, _ 
sympathy, and interest in the welfare of each other, which, after — 
all, is the “one touch of nature that makes all the world akin.” | 

Gentlemen, I take pleasure in introducing as your President — 
Mr. Charles Billings, of Hartford, Conn. 

At the close of Mr. Holloway’s introduction, Mr. 0. E. Billings 
took the chair as President, and called for the reading of the _ 
memorial minute prepared by the Council upon the death of - 
President Devi. This was read by the Secretary, as follows: 


it} 


“The American Society of Mechanical Engineers desires to place 
‘upon the records of the Society and of its Council a minute ex- 
pressive of the respect and regard which its members feel and a 
seek to make public upon the sudden and untimely death, from  __ 
an accident, of their colleague, Mr. E. F. C. Davis, President of hee 
The formal mould of memorial resolutions i in which a corporate a 
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voicing of the spirit which pervades the Society in the presence 
of the death of one whom its members had known so well and 
whom they had learned to admire and love. His wise and mature 
judgment, his business and professional knowledge, his conserva- 
tive yet energetic counsel, and his courteous consideration for 
others, had made him one from whose administration of the 
Society’s affairs the highest hopes had been entertained. 

Although with such grief the stranger intermeddleth not, yet the 
Society would presume to express its heartfelt sympathy with 
those nearest and dearest to Mr. Davis, upon whom this blow has 
fallen so crushingly. 

Resolved, That copies of this minute be furnished to the engineering jour- 
nals, with a request that they give a publicity to it in such a way that it may 
serve to convey to the profession something of the sorrow and regret with which 
the American Society of Mechanical Engineers has heard of their loss in the 
death of their President. 


This minute, moved as the sense of the Society, was unani- 
mously adopted. 

The President then addressed the Convention in the following 
words of salutation : 

Gentlemen::—I extend to you a cordial and hearty welcome 
to the sixteenth annual meeting of the American Society of 
Mechanical Engineers. 

The silent messenger of death has removed from us my prede- 
cessor, our friend and brother member, Mr. E. F. C. Davis, on 
whom this Society, at its last annual meeting,* conferred the 
highest honor in its power to bestow, by electing him its Presi- 
dent. Little did we anticipate then but what we should meet 
again at this time and listen to his words of wisdom and coun- 
sel; but the Almighty and Supreme Architect of the universe 
has willed otherwise. 

Through our representatives, the Council, I was chosen to 
fill the vacancy caused by the death of our lamented friend. It 
was with extreme reluctance that I accepted the office, for I 
know full well that there are many among us better qualified 
for the position than myself; but duty is one great law we all 
recognize, inflexible as fate, exacting as destiny. Therefore, 
asking for your kind indulgence, I will endeavor to discharge 


the duties of the office for the remainder of the term to which I . 


was elected. 


_ Looking back over the time which has passed, it hardly seems mt 
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that it will be sixteen years next January since a fow gentlemen 
met in the office of the American Machinist Publishing Com- 
pany at 96 Fulton Street, New York, and talked over the subject 
of forming such a society. 

February 16, 1880, upon invitation of Prof. John E. Sweet, Sgr 
Prof, Robert H. Thurston, and Mr. Alexander L. Holley, about 
thirty gentlemen held a meeting and discussed the matter and 
laid plans for the formation of the Society. Complete organi- 
zation was accomplished at the Stevens Institute, Hoboken, 

N. J., April 7, 1880. The first annual meeting was heldin the | 
Turf Club Theatre, New York, November 4, 1880. The attend- 
ance was nearly one hundred. 

The seeds which the founders of this Society planted have 
taken deep root, and from the small beginning it has continued to 
increase in number and in its sphere of usefulness, until to-day its 
total membership, including members associate, life,and honor- _ 
ary, is nearly seventeen hundred, embracing in its ranks many of 
the brightest men, technically and practically, of the present time. 

Its pathway has ever been onward and upward. No record has _ 
ever been laid at its door, so far as my knowledge extends, which  __ 
would be unbecoming to true and honorable gentlemen. A 

Many of the papers read, discussed, and published on mechani- => 
cal subjects have been of great benefit, not only toour members, 
but to those that are not members, who have been fortunate __ 
enough to have had the opportunity to read them. 

Our Society has done a great and good work in the past. — 
The field grows broader and the opportunities greater for still | 
more advanced work in the future. ae 

Mr. Billings then read his address from the chair, bearing 
title of “ Modern Improvements in the Drop-press.” Messrs. _ 
Holloway, Fritz, Dean, Kent, and Hutton took part in the dis- 
cussion which followed. ae 

Topical discussions were then taken up, and the following Gee 
questions were answered : 

For filtering oil having very finely divided metallic particles 
in suspension, what have you found to be the best filtering __ 
material, either for one operation or in a series ? ie é 

What information can you give as to the best method for the fiw Ss 
extraction of oil from condensed steam, where it is desirable to | ouny. $23 
use the exhaust steam repeatedly for boiler-feed purposes? 7 Me 

_— Messrs. Kafer, Bang, Roelker, Langlotz, Kent, Darling, oe 
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Bonner, Grimm, Woolson, McBride, Fritz, and Winship took 
= part in the debate. : 
= This first evening was intended rather as a preliminary _ 
{ opportunity for the assembling members to meet together to 
-__- renew old friendships and begin new acquaintance. The rooms “ 
of the Society were open from an early hour, and, with smoking => 
and light refreshment, the evening passed pleasantly. Just 
prior to adjournment the President appointed Messrs. W.T. _ 
Bonner and George W. Scott as tellers to count the ballots F 
for officers, and to report at the morning session. : 
Day. Wepnespay, DeceMBER 47H 


_ The regular sessions of the annual meeting began with the 
session of this morning, at ten o'clock, in the auditorium. The 
registration of members, even at this early session, showed that 
the meeting was to be an unusually large one, and the record 
‘ before the end of the meeting showed that the size and numeri- 
cal success of the meeting were to be noteworthy. The plan 
was adopted of numbering the lines on the official register, and 
providing that the usual button badge worn at the Society’s 
convention should bear a number corresponding to the number 
on the register. It will be seen that by this expedient every 
one could immediately ascertain the name of every one else 
without the embarrassment of a direct question to this end, and 
the practical result showed that the meeting was one of the 
most successful on the social side that had ever been held. 
The register showed the following persons in attendance from 
the list of members. The total registered, — guests, 
_ was four hundred and nineteen. 


Alden, Geo. I. Bauer, C. A. Bristol, W. H. 
Aller, A. Beardsley, A. Brooks, M. 
Almond, T. R. Billings, C. E. (Presi- Brotherhood, F. 

Almy, D. dent). Bulkley, H. W. 


Ashley, F. M. Birkenbine, Jno. M. C. 
‘Baldwin, A.T. W.H. A. 
‘Baldwin, S.W. R. W. Buzby, C. E. 


Ball, F. H. Bole, W. A. po. Cadwell, W.D. 
Bang, H. A. M. = Cahoon, J.B. 
Bardwell, A.F. = Bonner, W.T. Caldwell, A. J. i. 
Barnes, A.T. iBowden,J.H. Canfield, 
Barr, H. P. gat: Boyer, F.H. Carpenter, H. A. 


Barr, J. H. Bradley, W. H. Carpenter, R.C. 
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Winship, J.G. Woolson,O0.C. Wright, L. 8. 


Wood, De V.  -Wright, J. Q. York, H. W. 
Wood, M. P. 


The first order of business was the Annual Report of the — 


Council to the Society under the Rules. , 

ANNUAL REPORT OF THE COUNCIL. 


“The Council must begin the Annual Report to the Society, of 
the business which has been transacted during the Society year, 
with the action taken upon the removal by death of those who 
have been honored by selection to the office of President. 

The Society has already taken action upon the death of Presi- 
dent E. F. C. Davis, but it has also experienced during the year 
just closed the loss of one who had but recently retired from pres- 
idential office. Mr. Eckley B. Coxe died at his home, Drifton, 
Pennsylvania, in May, and at the meeting of the Council first suc- 
ceeding, the following minute was presented and entered upon its 
records. The Council, in reporting it to the meeting, desires 
in this way to make it the action of the Society as a whole. 

The action was as follows: 

“The Council of the American Society of Mechanical Engineers 
has learned with profound sorrow of the death of Hon. Eckley 
B. Coxe, former President of the Society. He had so recently 
retired from active participation in the business affairs of the 
Society, that the shock comes so much the nearer to those who 
had been associated with him. 

“The long and honorable connection of Mr. Coxe with profes- 
sional duties of the highest class, had given him a standing which 
shed a special lustre upon the office which he filled so acceptably ; 
and his familiarity with legislative procedure, and with business 
affairs, made his advice and leadership most wise and judi- 
cious. But, more than all, the charming and affectionate geniality 
and frank-heartedness of the personality which lay behind the 
outward acts were the things which will remain long in the 
memory of his closer colleagues, and which give the poignancy to 
their regret at his loss. Itis these qualities of the man which 
must make his death the sorer blow to those near to him in 
family and business, and which call for an outward expression of 


Tots 
= 
~ 
ve 
=< 
> 
4 
> 
ree 
ae 


PROCEEDINGS OF THE 


the sympathy which we feel in the great loss they have under- — 
gone. 


Society, and of the Council.” 


The final revision of the proposed amendments to the rules 
which carried with them improvements in the blanks to be used 
by candidates for membership in the Society, was referred to the — 
Council by the annual meeting of 1894, and the rules thus amended | 
appear in the sixteenth catalogue, issued January 1, 1895. 

The amended forms of application blanks, and particularly the 
amended forms of blanks used by those members to whom candi- 
dates have referred, have been in operation during the year, and 
with signal satisfaction. Particular advantage seems to have 
resulted from the change which made the Associate grade one in 
which an increasing number of persons might be classified under 
the rules, thus enhancing in a notable degree the value which 
attaches itself to the grade of Member of the Society. 

To secure a more certain and positive knowledge concerning 
candidates for membership in the various grades, the Council had : 
directed that the applications of candidates should be considered — 
at frequent intervals by a committee of that body which has been 
designated as the Committee on Admissions. By the direction 
of this Committee the names of candidates are printed on a slip, 
which is mailed to the voting membership as an announcement 
that persons upon that list are seeking membership, and request- 
‘ing them to communicate to the Council their views upon their © 
eligibility and fitness. This procedure corresponds to the posting 
of candidates in the usual club methods, differing only in the fact 
that it is done by mail. The Committee on Admissions, receiv- 
ing the replies of the voting membership, then presents the appli- 
cation in final form to the Council, who thereupon order the © 
preparation of the official ballot.. This threefold scrutiny has 
been found to work well, and should be a manifest safeguard in| 
securing a high standard of membership. ' 

In addition to its important functions with respect to scrutiny 
of applications for membership, the Council has been solicited by 
libraries, technical schools, and others, to supply the back sets of 
the Society’s Transactions, and to list the libraries upon its records — 


for these early issues have become so numerous that it has been 


‘** Resolved, That this minute be recorded in full upon the records of the “mi 


for the regular receipt of the annual volumes as issued. Thecalls — 
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impossible to grant the request in every case for their presenta- _ 
tion as a gift ; but in cases where it seemed fitting, the right has 
been granted to the library to purchase the back volumes at the __ 
discount of fifty per cent. which is permitted to members of the __ 
Society desiring this procedure. ae 

Among other institutions which have availed themselves of this 
privilege i is to be mentioned the University of Glasgow, Scotland, _ 
in whose chair of engineering Professor W. J. M. Rankine sat for “ i 
so many years. 

The Council has elected to Honorary Membership by unani-— os 
mous letter-ballot, under the rules, Sir William Arrol, builder of | 
the Forth Bridge in Scotland, the Tower Bridge in England, and — 
many other distinguished engineering works. ie 

At the instance of certain interested members, both upon the et 4 
Society’s Committee on Standard Methods of Testing Materials a a 
and from the Society at large, the Council directed that an appro- — 


priation be made for the necessary expenses of a delegate from 


the Society and its committee to the International Convention of cis 
Engineers and Manufacturers at the city of Zurich, Switzerland, oa 
in the month of September. Mr. Gus. C. Henning, secretary of the | ai : 
Society’s committee and its reporter, was the choice of ~<a 
Council for this assignment; and the advantage to the repute of 
the Society from being thus represented at such a gathering ae a 
been neither small nor unrecognized. A report from the delegate — ie cu 
will form part of the business of the annual meeting. 4 

Pursuant to the action of the annual meeting of 1894, a com- o 
mittee of five members of the Society was appointed to — S 
charge of the details of a series of reunions of members of the _ 
Society and others, in the Society’s house, during the winter and 
spring of 1895. This Committee consisted of Messrs. Charles — 
Kirchhoff, C. W. Baker, F. R. Low, B. H. Warren, and George 
L. Fowler. 

As these meetings were dintinellg local in character and were — 
to be self-supporting so far as the report of the discussions, ete, 
were concerned, great care was taken that they should be regarded 
as reunions of individual members of the Society and not in any 
sense meetings: of the Society as an organization. The name 
given to secure this end was “‘ Monthly Engineering Evenings,” and 
the only relation of the organization to the Society as a whole 
was the furnishing of a meeting place with its conveniences. 

The subjects of the evenings of 1895 were, “The Gas Engine,” 
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“The Rapid Transit Problem in Large Cities,” “The Electric 
Motor in the Machine Shop,” “The Compound Locomotive,” 
and the “ Water Works Engineering of New York.” 

It was referred to the Council by a meeting of the Society at 
Detroit in June, 1895, to appoint a Committee who should con- 
sider the question of revising the Society’s Code of Steam Boiler 
Trials reported in 1886. That committee consists of Messrs. 
Barrus, Coon, Dean, Emery, Hunt, Kent, Porter, Potter, and 
Thurston. 

The question of the dates at which the semi-annual conventions 
of the Society are held has been under advisement, pursuant to a 
suggestion that as now selected the dates were not specially well 
chosen. It was the opinion of the Council, after taking advice, 
that the present dates seem to suit the convenience of the greatest 
number ; and therefore no change was recommended. 

They have further directed that at the sessions devoted to the 
presentation and discussions of professional papers, executive 
and administrative business shall be considered out of order ; but 
that upon the programmes of the conventions, certain specially 
designated times shall be allotted for the presentation and con- 
sideration of such matters. . 

A series of communications from Mr. E. L. Corthell has been 
considered by the Council in which the proposer embodies certain 
ideas looking to the creation of an Institute of Engineers and 
Architects, which should be inclusive of the membership of the 
present national societies and should be aimed to become inter- 
national in scope and character. Alternative to this idea was the 
suggestion that by common action the existing Societies should 
arrange to federate themselves for purposes of common interest 
to applied science and engineering, with a view to the holding at 
convenient intervals of joint meetings or congresses to which dele- 
gates from other countries should be invited to be present and 
contribute. If the Council was not ready for action of this com- 
prehensive character it was requested to appoint committees 
to confer with the sister societies with a view to providing for 
such congresses without either federation or organic union. In 
view of the debate in Volume XI. of the Transactions of this 
Society, which showed an opinion and judgment distinctly antag- 
onistic to the first scheme, and the obvious practical difficulties 
with respect to expense and the effects npon the present organiza- 
tions of the two latter schemes, the matter has been laid upon the 
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table with an expression of the opinion that the time is not yet 
ripe for the inauguration of such plans. 

The Council would report for record the death since the last 
annual meeting of the following persons: 

A. J. Shaw, C. L. Hoyt, Charles W. Copeland, L. Packard, John 
H. Webster, Thomas R. Pickering, E. C. French, Eckley B. Coxe, 
A. M. Wellington, James G. Dagron, William C. Mackinney, 
George Davidson, E. F. C. Davis, W. C. Jones, E. J. Whitaker, 
Herman Winter, R. H. Tweddell, and William A. Pike. 

At the close of the Report of the Council, the second order of 
business was the Report of the Finance Committee, which was as 
follows : 

The Finance Committee of the American Society of Mechanical 
Engineers would respectfully report to the Council the following 
statements of the receipts and expenditures on behalf of the 
Society, under their direction during the year, from ania 
1894, to November, 1895: 


ANNUAL REPORT. 


Cash. 
Initiation Fees........... $2,540 00 
Current Dues 21,471 85 


Binding 
Meetings 
Badges 


Life Membership 

Contingencies 

Postage and Express. 
Interest on Investments 

Office Expenses 


Stationery and Printing 
Travelling 
Profit and Loss 


$28,608 68 $300 00 $28,908 68 
Cash on Hand First of Year 60 21 ; 60 21 


re 
- 
Bonds. Total. 
> 
Past Dues...... 14 45 1,114 45 
Aj 
900 00 $300 00 1,200 00 ¥- 
480002 
99500 
63 
62 
» 
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Disbursements. 


Accounts. Cash. 


General Printing and Stationery.......... $1,392 58 
Reprints and Publications. .............. 8,883 70 
Postage and Express.............s000-00: 2,028 82 
House Supplies and Furniture....... .... 287 21 
Badges and Certificates.............s.000. 313 78 
Insurance and Safe Deposit. ............. 17 00 
Rent, Interest, and Taxes... .........0.... 2,775 65 
Investment (bonds received as above)...... 800 00 
Investment (bonds purchased)............ 1,550 00 
Library (book purchase). .............+.. 13 12 
Wook of Committes.. 276 95 
Cash in Hand to Balance... 285 80 


$1,392 58 
8,883 70 
2,028 82 
6.938 28 

311 
1,110 36 
82 53 
1,533 70 
716 65 
287 21 
313 78 
151 63 
1700 
2,775 65 
30000 
1,550 00 
13 12 


$28,968 89 


$28,968 


The receipts on account of Life Membership during this year 


were $1,200—$900 of this amount being cash, and $300 bonds of 
the Mechanical Engineers’ Library Association which were re- 


ceived as cash in payment for such Life Membership. 


The Finance Committee has directed a reduction of expenses 
for the ensuing year in the two largest items of expenditure in the 
foregoing statement, by so changing the salary account as to 
effect an economy of about $600; and in addition have recom- 
mended to the Publication Committee so to administer their im- 
portant department as to reduce the outlay for publications in so 
far as it may be possible to do so without impairing the value of 


the volumes. 


The original issue of the bonds of the Mechanical Engineers’ 
Library Association amounted to $32,000, and of this issue the 
Council as Trustees for the Society held $19,000 at the time of the 
last report of the Finance Committee, November 15, 1894. During 
the past year the Council has acquired $1,900 worth of additional 
bonds ($1,600 by purchase and $300 by surrender for Life Mem- 
bership), thus making the total of these bonds held by the Coun- 
cil, November 15, 1895, $20,900 ; and the Mechanical Engineers’ 


= Library Association has bought $500 of these bonds this year (see 


= Total 
eee 
A110 
285 80 
f 
ay 
> 
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the | the Engineers’ Library 
which leaves outstanding $10,600. 
. The amount of dues and accounts still carried on the books 
of the Society as due from members and others at the end 
of this year is more than enough to pay all bills against the 
Society for its expenses of the year which have not been paid at 
the time of drawing up this report. 

A memorandum was also presented for record as follows : se: 


COPY OF THE ANNUAL REPORT OF THE TRUSTEES OF MECHANICAL 
ENGINEERS’ LIBRARY ASSOCIATION, 1894-1895. 


The summary of receipts and disbursements of the Trustees 
from November 10, 1894, to November 19, 1895, is appended 
below : 


Receipts. 

Receipts Fellowship Fund.................. $232 00 


Disbursements. 

Investment (Mechanical Engineers’ Library Association Bonds 
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Assets. od) to 4 
House and lot, 12 W. 31st Street, New York City ......... $65,000 00 
Furniture and equipment... 5,000 00 
Bills Receivable (Office and Room Rent, uncollected) ...... 34951 if ts: 
" (Subscription to Fellowship Fund, uncol- Yo 
(Sinking Fund Subscription, uncollected). . 554 50 jt 
Second Mortgage Bonds held by Trustees as an investment 500 00 


Liabilities, 
First Mortgage held by N. Y. A. of M....... $33,000 00 
Second Mortgage held by Members of the A. 8. M. E...... 10,600 00 
Second Mortgage Bonds held by the Council of the A, S. is 8 
M. E. as an investment.......... 


The tellers of the Council also presented for record the follow- 
ing report : 


REPORT OF THE TELLERS OF ELECTION. 


The undersigned were appointed a committee of the Council 
to act as tellers (under Rule 13), to scrutinize and count the bal- 
lots cast for and against the candidates proposed for membership 
in the American Society of Mechanical Engineers, and seeking 
election before the thirty-second meeting, New York, 1895. 
They have met upon the designated day, in the office of the 
Society, and have proceeded to discharge their duty. They 
- would certify, for formal insertion in the records of the Society, 
to the election of the persons whose names appear on the ap- 
‘ a list to their respective grades. 

Pe There were 455 votes cast of the blue ballot, of which 15 were 

- thrown out because of informalities (the members voting having 
neglected to indorse the sealed envelope). .} 
Frank H. Batt, 
OC. Karr, Tellers of Election. 


‘Bell, ames Richard. Leland, Henry M. Potter, William B. 
Clements, John B. Lobben, Peder. ‘he Riddell, John. 
Foster, Horatio A. McKean, Robert A. Wilkes, Charles Mason. 


Heisler. Charles L. Courtlandt E. Wilkinson, Alfred. 
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ASSOCIATES. 
‘Carpenter, A. H. hie Inglis, James. Olin, F. W. 43; 
Connolly, John H. Joy, Francis B. Sayward, John F. 
Connelley, Clifford B. Lighthall, John A., Jr. Towne, Thomas. 
Hooper, George K. Mallory, Harry C. Weber, Frederick C. 


PROMOTION TO FULL MEMBERSHIP. 


Whiting, Charles W. 


PROMOTION TO ASSOCIATE MEMBERSHIP. 
Trask, George F. D. 

_Aisawa, Yakichi. Gnade, Edward R. Pilcher, John A. 
Alexander, Harry. Greene, A. M., Jr. Power, William M. 
Barnum, D. D. 7 wa Goetze, Frederick A. Trowbridge, W. B. 
Bowen, H. 8. Atl Hagar, Edward McKim. Trotter, W. F. 
Church, Austin, — een Kirk, Robert H. Williams, H. E. a 
‘Church, Charles Thomas, Larkin, A. C. Wilcox, George B. ya 
‘Colvin, Frederick H. Phisterer, Frederick Wm. 1 


The Tellers appointed on the previous evening to count the 
ballot for officers reported as follows: 

Your Committee appointed to count ballots cast for officers 
of the American Society of Mechanical Engineers for the year 
1895-6, begs to submit the following tiie 


"Total ballots cast. 
Ballots thrown out on account of irregularities 


if Total votes counted 
Of this latter number, 
501 votes were cast for Mr. John Fritz for President. 
Mr, William H. Wiley for Treasurer. 
Mr. George W. Melville for Vice-President. 
. Charles H. Manning for Vice-President. 
. Francis W. Dean for Vice-President. 
. Norman C. Stiles for Manager. 
. E. D. Meier for Manager. 
Mr. George W. Dickie for Manager. ae ball. 
1 vote was scattering. 


a count therefore shows that the entire ticket was elected. 
Respectfully, 
Ww. T. Bonner, 
Geo. H. Scort, Tellers of Election. 
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The report was then called for from the delegate of the 


at the International Conference of Engineers and Manufac- 
turers at Zurich, in Switzerland, September, 1895. Mr. Gus. C. 
Henning, Secretary of the Committee and its Reporter, had been 
selected for this duty, and gave a short account of the confer- 
ence, its objects and results. This report, with a translation of 


the official minutes, will form two of the papers of the meet- — 


ing, to be found in the sequel. 

At the close of the report a vote of thanks was moved, sec- 
onded, and carried, in recognition of the sacrifices made by the 
delegate, and the credit and distinction which the Society had 


thus represented among the technical societies of Europe. 
There was no formal report from the Committee to consider 


Boiler Trials, but Mr. Kent, on behalf of the Committee, spoke 
as follows : 

Mr. William Kent.—The Committee has no report to make at 
present, but it is making progress. Mr. Emery and myself, the 
New York members of the Committee, met soon after the 
appointment of the Committee, and intended to send a letter to 
all the other members, asking them to express their views. But 
Mr. Emery at that time was preparing a paper to send to all the 
members of the Committee, concerning some of the matters 
brought up in the discussion at Detroit, and at my request he 
made that a paper to be presented to the Society at this meet- 
ing, so that when the Committee finally comes together, which 
should be in a short time, it will have an expression of opinion 
from as many members of the whole Society as wish to make 
themselves heard. It is our intention to devote a great deal of 
time to the subject, and give everybody who has an interest in 
the matter a chance to express an opinion. I cannot promise 


S ‘ane _ that the final report of the Committee will be presented for a 


% - eonsiderable time yet, because it requires a great deal .of work, 
er and there are some matters of controversy to be carefully 
studied. 


-_-- From the Society’s Committee upon the Conduct of Tests upon 


ae aS Fire-proofing Materials, the report of progress was as follows: 


Mr. H. de B. Parsons.—As a member of the Society’s Com- 


Society sent, by vote of the Council, to represent it and its — 
Committee on Uniform Methods of Test and Testing Materials, — 


received among the representatives at this conference by being 


the Revision of the 1886 Code of Rules for Conducting Steam 
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mittee on Fire-proof Tests, I wish to present a report of progress. 
As the Society has already been informed, our Committee was 
appointed to act with Committees appointed by the Fire Under- 
writers of New York and the Architectural League of New 
York. The object of the tests is to determine the effect of fire 
upon modern iron and steel buildings—buildings of the so- 
called skeleton type. In order that the Committee’s work may 
be of the greatest value, and in order to prevent criticism which 
might arise on account of the Joint Committee being composed 
of men entirely local to New York City, the Committee has asso- 
ciated with itself an Advisory Board of twenty. That Advi- 
sory Board has been appointed by the Joint Committee, and the 
names selected have been those of men who are prominently 
associated or connected with the subject, and who are geograph- 
ically located throughout the country, so as to give the result 
of the Joint Committee’s work a national character. From the 
interest which has already been manifested, and from the corre- 
spondence which we have already received, we are led to believe 
that the work will be one of considerable interest, not only to 
the United States, but to foreign countries as well. The Com- 
mittee wishes to acknowledge the courtesies extended to it, 
first by the Continental Iron Works, who have kindly decided 
to allow the tests to be made upon their property in Brooklyn ; 
to the Carnegie Steel Company, who have kindly offered to fur- 
nish the Committee with all the beams, channels, and all iron 
or steel built-up forms the Committee may wish. The Commit- 
tee is in hopes of receiving a similar offer from manufacturers 
of cast-iron columns. The Committee wishes to acknowledge 
also the courtesies extended to it by Messrs. Sinclair and Bab- 
son, who have kindly offered to furnish free all the cement which 
the Committee desires; by the Messrs. Henry A. Maurer and 
others representing the fire-brick manufacturers, who have 
kindly notified the Committee that they will furnish all the fire- 
brick which may be needed at a “ nominal.cost ;” and also by a 
syndicate of common-brick manufacturers, who will furnish all 
the common brick which is necessary for the construction of the 
Committee’s furnaces- 

The method which the Committee has proposed is first to con- 
struct a gas-producer, the gas being passed through a main, 
from which branch pipes are led to the burners. These burners __ 
will be situated in, the floor of the furnace to be tested, which __ 
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will represent a room. One furnace will test columns, outside: 


walls, partition walls, and columns embedded in walls, either 
outside or partition. The other furnace will test the floor 
beams and floor construction. Both furnaces will be made on 
a large scale, the floor furnace being so constructed as to take 
floor beams 25 to 30 feet in length, and the column furnace being 
arranged to represent a room such as is found in the modern 
buildings of the type which we are testing, the columns varying 
from 11 to 14 feet in height. Provision has been made, how- 
ever, to undertake tests of a greater length if so desired. 

Our motto is that the Committee knows nothing, and that the. 
rest of the world knows less. We have, therefore, determined 
that our first tests will be made upon naked iron and naked 
beams, so that the Committee may learn what can be accom- 


plished with the furnaces as designed, and what changes may > 


be necessary in order to obtain the desired results. Then, havy- 
ing established a certain amount of information for our own. 
use, the Committee proposes to formulate a series of rules. 
The manufacturers may then cover the columns and the beams. 
with their material, and the tests upon such. covered iron and 
steel will be carried out uniformly in accordance with those- 
rules, in order that comparative results may be obtained. 
Should, in the progress of the tests, the manufacturer or the- 
Committee desire to make a test a little different from that ay 
mapped out by the rules, such additional tests will be made. 

The Secrétary read the following petition, at the request of 
an absent member, explaining that, while the signing of such 
petition must be an individual matter with each member who: 
might interest himself in it, yet the intent of the petition was 
to secure early action upon a matter of general and public con- 
cern to many interests represented in the Society as a body. 
The petition was as follows: 


IMPORTANT PETITION TO CONGRESS RELATIVE TO THE PARIS EXPOSITION OF 


1900. 


To the Honorable the Senate and House of Representatives of the United States’ 


of America in Congress assembled - 


We, the undersigned American manufacturers of products, the foreign trade 
of which gives promise of a very large increase, and we, the undersigned export. 
commission houses of New York City, and we, the undersigned corporations,,. 
whose business interests are closely allied with the development of international 


commerce, hereby respectfully urge that immediate action be taken upon the: 
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invitation from the French Government to our country to take part in the Inter- 
national Exposition to be held in Paris in the year 1900, and relative thereto we 
hereby beg to respectfully call the attention of your honorable body to the 
following important points : 

This Exposition has been projected on a grander scale than any previous Inter- 
national Exposition, and will therefore afford an exceptional opportunity for an 
immense and rapid development of trade relations between American exporters 
and manufacturers on the one hand, and foreign buyers from all parts of the 
world on the other hand. 

It is a well-known fact that the United States section of the last International 
Exposition, held at Paris in the year 1889, presented an appearance which con- 
trasted in a most humiliating way with the exhibits from other nations. 

This lamentable condition of affairs was, to a great extent, owing to a corps of 
American Exposition officials being hastily organized at almost the last moment 
tg represent our great industrial interests, and to a corresponding lack of time 
for working out proper preliminary plans for securing the attention and codpera- 
tion of all American industrial elements. 

All the manufacturing nations of Europe always begin their preparations years 
in advance for any great exposition in Paris, which city is recognized by them as 
the world’s central mart for international trading, and said nations of Europe 
are already actively engaged in the work of organizing for the Paris Exposition 
of the year 1900. 

A period of four years is barely sufficient time for adequate preliminary work 
in order to secure a display of manufactured products that will prove a fair and 
true indication of the varied and comprehensive nature of American productions, 
and of their many advantages to the traders of the world in price, artistic design, 
workmanship, and finish. 

We therefore further petition that an adequate sum be promptly appropriated 
for the purpose of organizing, on a thorough basis and an extensive scale, 
exhibits of American products for the International Exposition to be held in 
Paris in the year 1900, and that the President of the United States be forthwith 
authorized to appoint a Commissioner-General and an Assistant Commissioner- 
General, who shall both hold office until all the Exposition work in connection 
with American exhibits and American manufacturing interests shall be termi- 
nated after the final closing up of the Exposition. 


Mr. J. F: Sorzano, member of the Society, had consented to 
take charge of the circulation of these petitions, and solicited 
the codperation of all who were willing to help. 

No general business being presented, the professional papers 
were taken up. ; 

Messrs. Kent, Wood, and Aldrich discussed the paper by 
Samuel McElroy on the “ Water Power of Caratunk Falls, Ken- 
nebec River, Maine ;” Messrs. Suplee and Aldrich presented 
additional matter upon the “Generation and Transmission of 
Water Power,” a paper by Samuel Webber. 

Topical discussions on “Oil Firing and Regulation of Oil- 
fired Boilers” filled the hour till the time for adjournment. 
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i The professional papers of the evening were as follows : 


Messrs. Kent, Towl, Hill, Billings, Wood, Manning, Kingsbury, 
Winship, Nason, Raynal, and Spaulding were heard. 

Following the usual custom of the annual meetings in New 
York City, luncheon was served in the house for the members 
and ladies at the close of the morning session, and many niem- 
bers remained to enjoy the reunion and social opportunity of 
the afternoon, for which no assignments had been made. This 


plan was found to work most agreeably. Mitel fan oti 


Session. WerDNESDAY EVENING. 
C. E. Emery, “ Means Adopted for Saving Fuel in a Large 
Oil Refinery ;” James E. Denton, “The Reliability of Throt- 
tling Calorimeters ;” A. A. Goubert and E. H. Peabody, “Some 
Experiments with the Throttling Calorimeter ;” C. E. Emery, 
“Comparative Tests of Steam Boilers with Different Kinds of 
Coal.” 


In the discussions on these papers during the evening, and 


in the postponed discussion upon the last one of the series on 


the following morning, Messrs. Winship, Wheeler, Denton, 


Scheffler, Kent, Clark, Kingsbury, Rockwood, Woolson, Carpen- 


ter, Jacobus, Le Van, Spaulding, Strong, Dean, moyen, Barr, 


FourtTH HURSDAY Mornina. 


_ The papers assigned to this session were : ds 


Albert Kingsbury, “ Experiments on the Friction of Screws ;’ 
W. F. M. Goss, “Tests of a Ten-horse-power De Laval Dinan 
et George W. Bissell, “ Recording Device for Testing 
Machines.” 


a Messrs. Kent, Holloway, Woolson, Whitehead, Denton, New- 


comb, Schumann, Griffin, Oberlin Smith, Lieb, and Rockwood 


a took part in comment upon them, and, at their close, discus- 


a _ sion was resumed upon the topic of “ Extracting Oil from Con- 


- densed Steam,” which had already been presented. Messrs. 


Wheeler, Oberlin Smith, Rockwood, Raynal, Boyer, Newcomb, 


= - Jesse M. Smith, Pearson, and Winship contributed to it. 


, After luncheon, served as usual in the supper-room below 
the auditorium of the Society’s house, an excursion party was 
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organized for the works of the Pond Machine Tool Co., at Plain- 
field, N. J., to which quite a number attached themselves, while 
others remained at the house, or attended to their personal 
business in the city. 

In the evening a very largely attended reception was held at 
Delmonico’s, at which over four hundred and fifty persons were 
present. The President-elect and the retiring President formed 


the Reception Committee, and after supper there were music 


and dancing. 


Firro Session. Frimpay Mornina. 


The concluding session was occupied by the reading and dis- 
cussion of the following papers: 

R. C. Carpenter, “ Effect of Temperature on the Strength of 
Wrought Iron and Steel;” P.M. Chamberlain, “Some Data 
Relating to Forge-shop Design;” D. 8. Jacobus, “ Experi- 
mental Method of Determining the Effective Centre of the 
Light Emitted from a Standard Photometric Burner ;” Jno. H. 
Barr, “'The Proportions of High-speed Engines.” 

The discussions proceeded from Messrs. Henning, Parsons, 
Hutton, Snell, Weil, Woolson, Green, Suplee, Le Van, Kent, 
Thurston, Kingsbury, Aldrich, Oberlin Smith, and Schumann. 


At the close of the discussion upon the papers, the Secretary 
called the attention of the Society to an easel upon the platform 
of the hall, which had been placed there only the afternoon 
before. On this easel was a framed drawing, forty-three inches 
long by thirty-three inches high, concerning which he had 
received the two letters from which he read the following 
extracts : 
2ier SrREET, GRAMERCY PaRK, 


To THE SECRETARY OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS: 


Dear Sir :—I have in my possession the original drawing of the plans of the 
steamboat ‘‘ Fulton” (scale one-quarter inch to the foot), of date March 1, 1818, 
designed by Robert Fulton. The drawing belonged to my father, the late Mr. 
George L. Schuyler, of this city, and was much valued by him. 

Should it be agreeable to the Society of Mechanical Engineers to receive this 
drawing as a gift, it will give me much pleasure to send it to you at such hour 
and place as you may designate. ‘ 
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_ Lregret that it is not in very good condition—after the lapse of eighty-two 
years, 
* * * * * 


As a possible convenience, I send also an easel upon which the picture may — . 


stand, * * * and I will ask you not to take the trouble to return it. 
I have been ‘reading the accounts of your Convention in the daily papers with 


much interest. * * * The man who brings the picture will fasten it upon — 
the easel if you so desire. i 


Very truly yours, 

Louisa LEE SCHUYLER. 
“4 The Secretary continued : 

: I, therefore, on behalf of Miss Schuyler, Mr. Chairman, pre- 

sent to the Society of Mechanical Engineers the drawing and its. 


mounting upon the platform, the drawing bearing the endorse- 


ment, apparently, I should judge, in Mr. Fulton’s own handwrit- — 


ing: “These drawings { of an inch to the foot to be returned | 
when the boat shall be finished. Robert Fulton, March Ist, 
1813.” On the side is the memorandum, “The Sound steam- 
boat called the Fulton navigated the Sound between Long 
Island and Manhattan Island, passing the dangerous Strait 
called Hell Gate, in which she is often exposed to the current: 
running among rocks on every hand, at the rate of six miles an 
hour. She cost $87,000. Her boiler of copper cost more than 
$20,000. This boat is 327 tons, Custom House measure. In 
building the boat it was found necessary to put the water 
wheels some six feet farther aft than they are in the plan.” 


In Miss Schuyler’s name, therefore, Mr. President, I present. 


to the Society this drawing of Fulton’s. : 
Mr. J. F. Holloway.—I move the adoption of the following 
resolution : 


Resolved, That the thanks of the American Society of Mechanical Engineers: 
are due, and hereby tendered to, Miss Louisa Lee Schuyler, of Gramercy Park, 
New York, for her gift to this Society of the original drawing of the steamboat 
Fulton, made by Robert Fulton, March 1, 1813, which highly prized drawing 
has, for many years, been in the possession of her family. 

Our thanks are due Miss Schuyler not only for the gift, but for her kindly 
recognition of the fact that this is the proper Society to have among its treasures. 
this handiwork of one of America’s earliest mechanical engineers ; and that in 
no other place would its value be more highly appreciated than in the home of 
our Society, which has hanging on its walls an original portrait of that famous 
engineer, and in its parlors the old colonial mahogany table of Robert Fulton, 
around which, in the days in which the propulsion of boats by steam was in its’ 
infancy, and an untried and bold venture, he, no doubt, not only entertained his: 
friends with the well-known hospitality of those early times, but on which he 
doubtless described and discussed his plans and ideas, traced by his own hand, 
as shown by the.drawing so kindly given us by Miss Schuyler, and which is now 
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Commodore Charles H. Loring.—In seconding this resolution, 
which I do most heartily, I would refer, not only to the inter- 
est connected with this illustration of the beginning of the new 
era in naval construction which has culminated in our own time 
in those magnificent examples of inventive genius and mechani- 
cal skill, the Monitor, the Columbia, and the /ndiana, but also 
I would recognize the gracious manner in which it has been 
presented to us; and I would wish that there might be a rising 
vote upon this resolution, and would further move that a copy 
of our action should be forwarded to Miss Schuyler, with a 
letter from the Secretary inviting her, at her pleasure, to visit 
the rooms and see upon our walls the drawing which she has so 
long viewed upon her own, that she may receive the assurance 
that it is not only prized by us, but that it will be properly cared 
for. 

The resolution was then adopted unanimously with applause 
and by a rising vote. 

Mr. William Kent.—I would suggest that when the Secretary 
puts this resolution of thanks into the minutes of the Society 
that he will also prepare an appendix to cover information 
about the history of this boat. It would be of interest for per- 
manent record in the T’ransuctions of the Society. In fact, I 
think it might be photographed and put in the T7’ransactions. 

Professor Hutton—The Secretary will be very glad to carry 
out the suggestions, and I think an original of such value 
should be photographed anyway, in case of the possibility of 
its destruction, 

Mr. Holloway.—The members have no doubt noticed on our 
walls the portrait of a former member of this Society, the late 
Capt. John Ericsson. That portrait has been secured through 
the ingenuity of our Secretary, and I think you would all be 
interested in hearing something of the story of how he found 
the portrait. It always adds interest to a picture to know 
something of its history. I think the Society will be very much 
indebted to Professor Hutton if he will give a short account 
of when and where he found the picture. 

Professor Hutton.—It would give me great pleasure to answer 
Mr. Holloway’s request, but there is very little in the story. 

It was suggested to me by one of our members that in a 
second-hand store in an unlikely part of the city he had dis- 
covered a portrait in oil of Captain Ericsson, and he advised 
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that I look at it with a view to securing it for the Society, if it 
seemed worthy of that distinction. 

The address he gave me was that of a curio store main- 
tained by a German, who had left the employ of one of the 
larger houses and had gone into business for himself in this 
out-of-the-way part of the city. 

On examining the portrait closely, I recognized at once that 
it was an excellent one, and bore the name of the artist, Ballin, 
and the date 1862, which was the year in which Captain Erics- 
son was at the zenith of his popularity, because it was the year 
of the great achievement of his first Monitor. 

The dealer told me he had picked the picture up at a sale of 
household effects in Brooklyn, and although it was soiled and 
the frame in bad condition, I saw that at the price he quoted 
we were really on the track of a prize. 

I had been anxious to secure an oil portrait of one who had 
reflected so much distinction upon mechanical engineering at 
this critical period, but had almost despaired of success, because 
Captain Ericsson was so retiring a person that he had always 
been reluctant to sit to a painter. That we should be able thus 
to secure it is, in my mind, a rare piece of good luck; and you 
will observe that underneath it has been suspended the model 
of the original Monitor, on a scale of one-quarter of an inch 
to the foot, the gift to the Society by our life member, Mr. 
Thomas F. Rowland, the builder of the Monitor, at the Con- 
tinental Iron Works. 

Mr. H. B. Roelker.—I would like to mention, in confirmation 
of the value of this portrait as an original, that I remember to 
have seen it hanging in Captain Ericsson's parlor as long ago as 
1863 and 1864. There was suspended beneath it a series of 
resolutions from representative New York citizens, and I think 
the portrait and resolutions came to him together. 

I congratulate the Society on obtaining possession of it. 

Mr. Norman C. Stiles.—I would like to add to the reminis- 
cences of Ericsson’s time a story which belongs to the days 
when I was an apprentice in Springfield at the American Ma- 
chine Works. 

At this time Ericsson’s enormous engines, to be operated by 
hot air, were being constructed for the ship Ericsson, and part 
of the work was in progress at that establishment. The cylin- 
ders were fourteen feet in diameter, and they had no lathe in 
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that establishment which could turn piston rings of that size; so | 
they rigged up a couple of planers to plane them out in sections. 
The ring was fastened to tht bed of one planer, which moved 
back and forth in the usual way. At the side of the planer was 
a stud set up, which served as a pivot of an arm, actuated by 
the other planer, so that the motion of the two beds caused the 
circle of the required diameter to be planed out on the ring, 
instead of being turned, as usual, in a lathe. 

Mr. A. H. Raynal.—It occurs to me to say a word or two 
in connection with this picture of Captain Ericsson, and its 
becoming the property of the Society. 

It was given to me to enjoy his personal acquaintance and 
his friendship, which I have always considered a very great 
pleasure and privilege. I admired the man exceedingly. 

I have been surprised to-learn that the Society has not, until 
now, a copy of a most remarkable work of his, which he called 
the History of his Inventions, published in 1876, at the time of 
the Centennial Exhibition in Philadelphia. Captain Ericsson 
was gracious enough to present me with a copy of that work, 
which I have prized very highly, and which it would seem 
eminently proper should be preserved under the guardianship 
of the Society. 

If it is agreeable to the members, it will make me very happy 
to turn it over as a gift to the Library of the American Society 
of Mechanical Engineers. (Applause.) 

The President.—On behalf of the Society, I take great pleasure 
in accepting Mr. Raynal’s gift. 

Mr. C. W. Hunt.—I move a vote‘ of thanks to Professor 
Hutton for what he has done for the Society in securing this 
portrait of one whom we have delighted to honor, and to Mr. 
Raynal for this most highly appreciated gift of his copy of 
Captain Ericsson’s Centennial work. 

This motion, being seconded, was unanimously carried by a 
rising vote. 

The President.—The motion to adjourn is about to be in order, 
but before we separate and go to our several homes it would 
seem proper for me to acknowledge, in leaving the chair, my 
appreciation of the honor which this Society has conferred 
upon me in selecting me to fill the vacancy in the presidential 
office. 


I do appreciate the distinction very much, and I desire to 
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ie oa my thanks for your uniform courtesy while I have 
occupied this position. 

I would bespeak for my successor, my friend Mr. John Fritz, 
the same courtesy and magnanimity which have been shown to 

On motion the meeting then adjourned. 
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From 1847 to 1862, among the green hills of the State of Ver- 
mont, there was located one of the best equipped plants for the 
manufacture of machine tools in this country. It was there, in 
the years of 1854-55, that most of the machinery was built for 
the manufacture of the then celebrated Enfield Rifle for the 
English Government, on the interchangeable system. Previous 
to that time they had made their fire-arms on the “ cut and try” 
plan, or what we would term, in this country, hand-work. The 
parts were made in different shops: for instance, one manu- 
facturer was skilled in making the barrel; another, the stock; 
another, part of the lock; and so on through the list. The 
various parts were assembled at the Tower of London, and it 
was there that the “cut and try” plan commenced, filing a little 
here, chipping off a little there, with several trials before the 
a parts would go together satisfactorily. 
: On the introduction of American machinery and tools, all this 
was changed, for it was possible to machine the pieces of the arms 
so that parts of the same kind would be exact duplicates of each 
' other. Consequently the cost of production was reduced and 
the quantities in a given time increased over the old method. 
To America is thus due the credit of introducing the inter- 
changeable system in the manufacture of fire-arms, sewing 
machines, watches, etc. 
It was necessary to have uniform forgings so that they 
could be handled in special fixtures adapted to the different 
parts. The art of forging in dies at that date was the weak 


* Presented at the New York meeting (December, 1895) of the American 


Society of Mechanical Engineers, and forming part of Volume XVII. of. the 
Transactions. 
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point. Drop-hammers had not come into use, and all the forg- 
ings was made by the old hand-swaging process. A base of 
cast iron was used with a suitable opening in the top for keying | 
the guide stock and a lower die. The upper die was made to 
work freely up and down in the guide stock. In the faces of | 
the two dies were cut the forms of the parts to be forged. The © 
power used was hammer and sledge, wielded by the smith and 

helper. 

So far as I have been able to learn, drop-hammers were first 
used by Col. Samuel Colt about the year 1853 in the manufacture 
of the celebrated Revolving Fire-Arm which bears his name. 

The hammer of the Colt drop was raised by a vertical revolv- © 
ing screw. In the first year of the war, Golding & Cheney ob- 
tained a United States Patent on a drop-hammer, the principle 
feature of which was the raising the hammer by a leather belt 
between friction rolls. These friction rolls are in use to-day on 
what are considered the best hammers for drop-forging. In 
other respects there have been great improvements. Some of 
the latest of these improvements I will endeavor to explain. 

First, The Counter-Balanced Treadle which is made from one 
piece of steel forging. The advantage of this construction is 
that it does not become “shackly ” from wear; and when the 
pressure is put on one side, the opposite side acts simultaneously, 
and the mechanism on either side of the machine does its work 
as it was designed to do. Instead of springs to hold the treadle 
in a raised position, a counter-balance is provided which runs 
across the back of the base and is attached at either end to 
levers whose fulcrums are pins driven into the sides of the base. 
The short ends of the levers have projecting points extending 
underneath the sides of the treadle and holding it in the raised 
position desired. 

The improvements claimed for the counter-balanced treadle 
are that the pressure required is the same at the start as at the 
finish of the movement of the treadle, and that the construction - 
is such that repairs are not frequently needed as in the cases 
where springs, or pulleys and chains, are used. 

Second, The Compound Lever Device for operating the lifting 
or head mechanism. This device was designed with a view to 
lessen the shock of the blow given to the “friction bar” by the 
hammer when in operation. It consists of a clamp on the 
friction bar having a projection on the inner side which acts as" 
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the fulcrum of the lever, whose short end is a fork which engages 
with pins projecting from the left-hand upright, and whose long 


end is actuated by a pin in the hammer. This pin is placed as 


near the right-hand side of the hammer as is practicable, in 
_ order to enable the long arm of the lever to be made of as great 


“a _a length as possible, thereby reducing the speed of the move- 


ment given to the friction bar and incidentally the shock of the 


blow. (Figs. 1 and 2.) All of this tends to diminish the neces- 


_ sity of repairs as it reduces the tendency of the friction bar to 
become crystallized, and it imparts to all the friction mechanism 
a moderate, easy motion, which is conducive to the durability 
of that part of the machine. 
Another feature of this device is the ease with which it is 
adjusted for the different heights from which the hammer falls. 
There is only one nut to turn; and when this is loosened, the 
clamp is perfectly free upon the bar and will drop by its own 


7 weight, or it can be raised with one hand. This one nut is 


sufficient to hold the clamp in place, as the latter is not subjected 
to a sharp blow as in the old method. 

Third, The Jointed Swing Head Construction. The main idea 
_ of this construction is to lessen the expense of repairs. The 


_ two sides of the head are connected by a heavy web at the bot- 


tom edges, through which there is a rectangular hole to accommo- 
date the board. The upper halves of the two sides are fastened 
to the main head-casting by a hinge-joint at the rear, and are 
primarily held in place by small swivel bolts such as are used 
on a lathe centre-rest, and incidentally by two of the head bolts 
which pass through the upper and lower parts of the head and 
through the top of the uprights. By removing two bolts and 
loosening two more, and swinging open the caps, it is possible 
to remove any part of the head in detail, thus obviating the 
necessity of taking off the entire head by means of blocks or 
hoists when repairs are needed. 

On both sides of the machine, running horizontally through 
the upper part of the uprights and through the web of 
the lower part of the head and into the rectangular hole in the 
latter, good stout bolts are used which hold the upper part of 
the machine rigidly together, and relieve the head bolts proper 
from all shearing strain and also obviate the elongation of the 
holes in the uprights by wear. The eccentrics are made of 
steel castings, which are stronger and more durable than bronze 


3 
x 
wal 
- 
: 
— 
Aq 
wen 
om 
A 
boy 
» 
ar ~ 


‘ 


(NM MDE N 


> 


wih 

| 


| 
N bi 41, NAAN 
\ 


PRESIDENT’S ADDRESS, 1895. 


35 


or gun metal. These are chambered and babbitt-lined, this 
lining being easily replaced when worn out. 
The sliding rear boxes for adjusting the friction are operated 


in the usual way. 


Fourth, The Use of Paper Pulleys. Experience has shown 
that iron pulleys are not reliable for drop-hammers. They 
become crystallized and break, and some one is likely to get 
hurt. Wood pulleys with iron hubs are very good, but the 
compressed paper pulleys give the best satisfaction. They are 
light as compared with their strength, are elastic, and give 
excellent belt surface. 

Fifth, The Method of Fastening the Board in the Hammer. An 
oblong cavity from 4 inches to 8 inches long, and about 5 inches 
deep by 14 inches wide, is machined in the top of the hammer. 


_ That side of the cavity which is toward the back of the hammer 


has a bevel of about 15 degrees, the cavity being smaller at the 
top than at the bottom. The front side of the cavity being 


_ straight, the rear side of the lifting board has a bevel corre- 


sponding to that on the rear side of the cavity. The board is 
dropped into the cavity, a steel plate placed against the front 
side of the ‘board, and two or three steel wedges lightly driven 
with a hand-hammer between the board and the front side of 
the cavity. (Figs. 3 and 4.) At every blow of the hammer when 
the machine is working, these wedges become tighter and the 
board more firmly held. 

Sixth, The Foundations, and Incidentally the Ratio of the Base as 
Compared with Weight of Hammer. There seems to be a variance 
of opinion in regard to the proper foundation for a drop-ham- 
mer. Several articles have appeared in the technical journals 
in regard to this subject. Some favor a rigid, rock-like founda- 
tion, and others favor an elastic construction. It seems to me 
that the weight of the base of the machine as compared to the 
weight of the blow given by the hammer should have more or 
less consideration in determining the construction of the founda- 
tion. It is apparent that if a man tried to do some hand-forging 
with an ordinary flat-iron held bottom up between his knees for 
an anvil, the results would not be altogether satisfactory ; but if 
it were possible for him to hold a piece of iron weighing, say, 
400 pounds on his knees, he would do more execution with his 
hammer and in addition could stand some pretty good blows 
from his helper’s sledge. From this illustration I argue that if 
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7 _ shock imparted by the blow of the hammer. The cost and diffi- 


culties of handling, however, make such construction out of the 


- : question. Within the past few years an increase in the weight 
ae of the bases of drop-hammers has been a move in the right 
direction. In deciding this point a certain ratio between the 
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weight of the hammer proper and the base is considered. In 
former years the ratio of 6 or 8 to 1 was considered sufficient. 
This was increased by some machine builders to 10 to 1, and 
now the most modern practice advocates a ratio of 15 to 1. 

To return to the subject of foundations, I would not venture 
_ to say which construction will give the best results, owing in a 
measure to the variation of conditions, particularly the forma- 


wen Jf tion of the earth where the machine is to be located. In fairly 


hard ground, such as clay, or where “hard pan” can be reached 


ae, within fifteen feet of the surface, the following construction will 


- 7 the base of a drop-hammer should be made heavy enough, no 
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give satisfaction. At the bottom of the excavation put in two 
or three feet of broken stone and Portland cement; on top of 
that place chestnut timbers on end. These timbers are to be 
- gawed on four sides and bolted together, and the section of this 
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machine and to have about 4 inches margin. (Figs. 5 and 6.) It 
is preferable to have the upper end of the timbers several inches 
below the surface of the ground, as they will then be less liable 
to decay. 

With a base of right proportion and a properly constructed 
foundation, the old method of fastening down the base with 
anchor bolts is unnecessary. Angle irons at the corners of the 
base fastened down to the foundation with lag screws will answer 


the purpose. 
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Mr. J. F. Holloway.—I think that Mr. John Fritz has some 
_ experience in putting down foundations for drop-hammers. He 
has the largest hammer in the world. 
The President.—We shall be pleased to hear from Mr. Fritz. 
Mr. John Fritz—The hammer which gave trouble weighed 
«125 tons. First we prepared a foundation about 60 feet square 
= drove it with piles until we could not drive them another 
a We covered the piles over with 


7 os "weighed some 40 odd tons. The object was to catch the timbers 
so as to get the surface. Then we cross-timbered on top of that 
again, and then put on an anvil block which weighed about 1,500 
= We ran the hammer but a short time and the foundation 
went down some 8 or 10 inches, and it unfortunately did not go 
level, which made it worse. There we were in a dilemma. 
7 What to do was the question. So I took the whole thing out 
down to the piles, and levelled the foundation up again, and put 
in _two feet of shavings which we got from the car shops, such 
as are made with ordinary freight cars, etc. We put a lot of 
men onand tramped that down to about sixteen or eighteen inches 
_ thick and then placed the heavy timbers on top of the shavings, 
- the forged steel beams on them crosswise, and on top of the 
beams, ten-inch square timber, then about fifteen hundredweight 
of cast iron, and then covered the casting with three-inch plank, 
ee and then twelve inches of cork. On top of the cork ten inches of 
timber, and then the anvil block; and the hammer has simply 
worked magnificently. 
The President.—What effect did the shavings have, Mr. Fritz? 
Mr. Fritz—We had to save the foundation, not the hammer. 
is va It was the foundation which was the trouble. If we had put 
om > the anvil on the foundation again it would have gone down. 


_--- But the shavings took the severe blow on the foundations. It 
a has been running four or five years. It has never gone down 
a. ez at all) We put the shavings on to save the foundation. It 
something elastic which was required between the anvil 
Bee ee block and the piles upon which it rested. If the foundations 
had been enough we would have the fifteen 


| 
7 timbers 34 inches square top of that we put forged 
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hundredweight of iron on top of heavy timbers; but we were 


afraid to. 


The President.—You believe that the elasticity of the shavings 
was what helped it? 

Mr. Fritz.—Yes. The idea was not original. It came from 
_ the old forge hammers where they put brush under them to 
accomplish the same purpose to a great extent. They did it to 


a get elasticity. I did not care about the elasticity for the ham- 


7 mer, but wanted it to save the foundation. 
_ _The President.—Mr. Dean must have had some experience with 
_ foundations for steam stamps while connected with Mr. Leavitt, 
and the Calumet and Hecla. We should be glad to hear from 
him as to their practice. 

Mr. F. W. Dean.—It is some years since I have been con- 
nected with the Calumet and Hecla Mining Company; but that 
matter of the weight of the anvil has come up, and I understand 


that since I left the company the spring timbers have been 


entirely done away with. They tried one stamp with a solid rock- 
like foundation for the anvil, and the output of that stamp was 
so much greater than the others, that they have, I understand, 
made all stamp foundations solid. I understand the output is 
enormously increased thereby per stamp, and of course it is quite 
evident why it should be so. All the energy of the stamp is 

taken up in crushing the ore, instead of springing the timbers 
and all of the country about. In the houses within some 
distance of the stamp mills everything shook very badly, and all 
_ the windows rattled like those of a side-wheel steamer ; and it 
_ was unsafe to leave a pitcher of water on a table at night, for it 
would be pretty sure to be on the floor by morning. The water 
in the lake had small wavelets all over it, and I believe the 
country the other side of the lake shook also ; but since the solid 
foundations have been put in, that has all stopped. 

Prof. F. R. Hutton —I should like to ask the author about the 
breaking of these pins which trip the lever on the head, or the 
failure of them, rather, by crystallization from shock, and his 
_ statement that wood has served the purpose better than metal. 
_ Do the pins gradually break, or what happens to them? 

The President.—They broke off close to the face of the ham- 
mer. We have used steel, Swedish and Low Moor iron, and 


= * _ two or three different kinds of alloys of bronze, and with the 


same result. A hickory wood pin stood the best ofall. 
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ee ae Previous to using the wedges for holding the lifting board, 
a put bolts entirely through the hammer with nuts on end. 
Those nuts and bolt heads were constantly dropping off. No 
can kind of metal we tried for the purpose would stand. The appear- 
Sane ance of the fracture was crystalline. This led up to the sys- 
tem of holding the lifting board to the hammer with wedges as 
represented by drawing, Figs. 3 and 4. These have been in use 

now for many years with entire satisfaction. 
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WATER-POWER—ITS GENERATION AND 
MISSION. Wwe: 


AN examination of the detailed schedule of subjects submitted 
by the Council, as desirable topics on which to prepare papers 

_ for the current year, has induced the writer to offer the following 

notes on the first portion of the data requested by said schedule, 
_ which, it seems to him, it is desirable to preserve in such perma- 
nent form as will be given them by a place in the T’ransac-* 
tions. 

The first topics suggested, the storage of water supply, and the 
cost of its development and maintenance, seem to belong more 
particularly to the civil than to the mechanical branch of the 
engineering profession ; but as the utilization is mechanical, and 
the whole matter is intimately connected, it seems proper to offer a 
few general notes on the subject of the supply of water necessary 
for its mechanical utilization. 

_ The engineers, who have been for many years engaged in the 
question of water-supply for large cities, have laid it down as an 
established fact that, by means of proper and complete storage 
basins, one-half the annual rainfall may be thus saved, the other 
half being either absorbed by vegetation or dissipated by evapo- 
ration. 

This amount has been usually estimated for our northern cities 
as 1,000,000 gallons per day from each square mile of drainage 
area, or one-half an annual rainfall of 42 inches, which is a fair 
average for the larger part of the United States, east of Kansas 
and Nebraska, rising, according to Blodgett, as high as 50 and 55 
inches, in parts of the southwestern States, but a safe estimate 


*Presented at the New York meeting (December, 1895) of the American 
Society of Mechanical Engineers, and forming part’ of Volume XVII. of the _— 
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~ for the area of drainages from the great Appalachian range, which 
. a sj is as wide an area as we propose to consider in this paper. 

Jt will be readily seen that this annual rainfall of 42 inches. 

amounts to nearly 732,000,000 gallons on a square mile, so that 

1,000,000 gallons per day i is almost exactly half of it. To secure 

this half, however, requires the most complete and perfect system 

of storage basins possible, and it is not safe to calculate on such 

an amount as being available for water-power by any possible and 
economical means of storage. 

It is possible, however, by practicable means of storage, to 
secure about one-third of the rainfall, and as water for power 
purposes is usually measured in cubic feet per minute, or per 

second, instead of gallons, we will now adopt that mode of 
computation. 
An annual rainfall of 42 inches is equal to 267,409 cubic feet. 
per day on a square mile, or 3.09 cubic feet per second, and if we 
‘take one-third of this, or 1 cubic foot per second, from each square 
mile of drainage area, we arrive at the supply which can usually, 
_ by the aid of storage, be relied upon. : 
The late James B. Francis, for many years the engineer of the 


Locks and Canals Company, at Lowell, on the Merrimac River, once 
gave me the following data, as the result of many years’ observa- 
tion of the flow of the Merrimac River, which, however, does not 
take in the few days of “ spring freshets,” when the snow is going 
off from the mountains, and the river so high and swollen as to be 
practically unmeasurable : 


= 90 cubic feet per minute per square mile. 

June flow,” about the average...55 A Mis 

Minimum flow in Aug. and Sept...830 


The minimum flow has, however, been less than that once or 

twice in recent years, as, in 1881, it was only 26.7 cubic feet per 

square mile drainage area, or .445 cubic foot per second. This 

diminution has been due to the destruction of the forests around 

the head-waters of the river, and such forest destruction must be 

_ borne in mind by every engineer as a probability, when making 
estimates on a projected water-power. 

It will be seen that this 30 cubic feet per minute, or 0.50 cubic 

_ foot per second, the minimum flow, is but one-sixth of the rainfall, 

and in order to secure the one-third, which I have considered as 
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available, a sufficient “ pondage ” must be secured above the dam, 
at the proposed water-power, or in some other convenient loca- 
tion, to store the night flow, if the water is used in the daytime, 
or vice versa, so as to get a double quantity during working hours 
without too much diminution of the working head. 

This is practically accomplished at Lowell, where the observa- 
tions on the water-power of the Merrimac River have been longer 
continued and are more complete than any others of which I am 
aware, by the pond made by the dam. This pond is 18 miles 
long, with an average width of 500 feet. The drainage area of the 
Merrimac, above Lowell, is 4,093 square miles, and if we take the 
minimum flow as 0.50 cubic foot per second, we have a total flow 
of 2,000 cubic feet per second. 

Col. James Francis, who has succeeded his father as agent and 
engineer of the Locks and Canals Company, informs me that, with 
3 feet of “flash boards” on the dam, giving a fall of 34 feet, they 
can store in this pond, at a depth of 1.50 feet, 71,874,000 cubic 
feet of water, which, if drawn down the 18 inches in 10 hours, 
would give them 6,165 horse-power, which, added to the daily flow 
of the same 2,000 cubic feet, would give at low water a total of 
12,330 horse-power. The original estimate of the power available 
at Lowell was 10,000 horse-power on 30 feet fall; but by raising 
the dam above, and removing obstructions below, this power has 
been increased, as shown. 

The net effect of the present turbines in Lowell is here taken 
at 80 per cent. There are, however, in place, at Lowell, turbines 
enough to utilize 20,000 horse-power, for which water is furnished 
for a portion of the year, but which have to be supplemented by 
steam-engines, to supply the deficiency, when the water is reduced 
to the minimum flow, as above quoted. 

In addition to this, the mills at Lowell, Lawrence, and Manches- 
ter, N. H., have also derived great benefit from the use of the 
water stored in Lakes Winnepesaukee and Winnesquam, in New 
Hampshire, where the outlets were deepened, and weirs and gates 
put in below, enabling the water-power companies to draw down 
these lakes in the summer to a depth of 12 feet below the full 
height in spring, or 6 feet below their normal summer level. The 
area of these lakes above the Lake Company’s dam is 71.8 square 
miles; and Colonel Francis gives me the following data of the 


amount of water furnished by them for several consecutive 
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Horse-Power Furnished Depth Drawn 
for 3 Months. at Lake. 


1878. 5 4.20 feet. 
1880. wal 


1881. 
1882. 


1883. 
1886. 

1887. 


The variation in seasons is seen to be considerable. 
Leaving this branch of the subject, with the repetition of the 
statement that, by storage, one-third of the rainfall can be relied 
_ on for power for day or night, I now take up the question of turbines. 
The modern turbine is the evolution of ages from two distinct 
_ types, one of which delivers the water in a tangential direction to 
- radial arms or vanes, projecting from a central shaft, without con- 
fining it in any way; the other conveyed it in a closed tube to 
hollow radial arms, through which it passed, and, leaving them in 
a tangential direction, gave, by the reaction pressure, a rotary 
motion to the whole apparatus. 
We can trace both systems back to such remote antiquity that 
it is useless to attempt to find the origin; and as the principal 
- developments of both have been made within the present century, 
we need go back no farther. As we shall devote much less time 
to the second of these types, or the “outward discharge,” we shall 
-_ gonsider it first, and simply refer to the well-known “ Barker 
“Mill,” or the “ Whitelaw & Sterret,” sometimes called the “Archi- 
- medean” wheel, as the first modern type of this style. 
—-In 1827 Mr. Fourneyron applied this principle of the outward 
a —_ from a pipe to a wheel with curved buckets placed out- 
_ side of the apertures of discharge, so as to receive the water in a 
direction perpendicular to the first and inner element of the curve, 
| _ which appears to be practically cycloidal, and which, revolving 
a - - from the action of the water, finally discharged it at its outer ele- 
at the circumference, with its force exhausted ; 7. e., the best 
Si results obtained from this form of turbine were hare by Mr. 
3 Francis, in his “ Hydraulic Experiments,” to be when the circum- 
_ ference of the wheel at the point of discharge had reached the 
velocity due to the water under the fall, or 62 per cent. of the 
theoretical velocity due the head, from the action of gravity, this 
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being the result of what is known as the “contracted vein.” At 
this velocity of the wheel the water falls away dead into the pit, 
to take a new direction due to the fall in the “ tail-race.” 

In the Fourneyron turbine, the tube, or feeder, which supplied 
the water, was closed at the bottom by a concave cone surround- 
ing the wheel shaft, which passed up through it in a pipe, and 
was not exposed to the water. This cone was surrounded by a 
number of guide plates, curved like the buckets, but in the oppo- 
site direction, and fastened to the cone ; and these delivered the 
water to the buckets in the proper tangential direction. This first 
turbine of 1827 was followed by another, in 1834, of 7 or 8 horse- 
power, which worked at times under a head of only 9 inches. 

Then came several others, under higher heads, of 63, 79, 126, 
and 144 feet respectively, giving from 71 to 87 per cent. net effect 
of the power of the water. 


In 1837 came the celebrated one of St. Blasien, 20 inches in ' 


diameter, weighing 105 pounds, under a head of 72 feet, and this 
was followed by one of 13 inches diameter, under a head of 354 
feet. The width of this wheel across the buckets was only 0.225 
inch, and it made 2,200 to 2,300 revolutions per minute. It is 
said to have driven 8,000 cotton spindles, with the other accessory 
machinery, which would require from 100 to 120 horse-power, and 
to have given from 80 to 85 per cent. net effect. The apertures 
of the buckets were so small, however, that the water was all fil- 
tered before entering the feeder, to avoid clogging them. 

The success of these wheels led to their introduction to this 
country by the late Uriah A. Boyden, who placed the first ones 
in Lowell, in 1844, and these were rapidly followed by others, 
until their use became almost general in the large manufacturing 
towns of New England. Those built under Mr. Boyden’s instruc- 
tions gave as high as 80 per cent. net effect, and he claimed to 
have got 88 per cent. at the Atlantic Mills in Lawrence. 

Their manufacture was taken up by a number of builders, but 
they did not all obtain such high results, and owing to the multi- 
tude of buckets, with the small apertures, they were liable to 
become choked by chips and leaves and other floating obstruc- 
tions, not to speak of fish ; for at Fall River the first turbines are 
said to have been stopped by eels, on their annual migrations to 
the sea, from Watuppa Lake. 

The net effect at partial gate was also very poor, owing to 
cutting off the water by the sharp edge of a cylinder, as shown by 
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_ the writer in a paper presented to this Society, and included in 
Volume III. of the Zransactions.* 

Attempts have been made to obviate this by introducing dia- 
_ phragms in the buckets, so that only a part of the bucket is 
affected by this sharp cut-off, and this is shown in the Swiss tur- 
__ bines, now being introduced at Niagara Falls, but this division 
only reduces the dimensions of the apertures, and_renders them 
more liable to choke from obstructions. This form of wheel, as 
built by Mr. Boyden, was also enormously expensive, and they 
have generally given place, as they wore out, in forty or more years’ 
Se, to the “inward and downward flow” turbine, which we shall 
ss now proceed to trace. This, as we said in the outset, comes from 
aes a ; the old “flutter-wheel” of radial vanes inserted in a central 
: te shaft, which supported a grindstone, or “ millstone,” on top of it, 
and which is one of the earliest traces of mechanical application 
' of force to be found in history. India, Egypt, Syria, and Europe 
all appear to have used this primitive water-wheel to grind their 
corn. It is impossible to determine when the modifications of 
this form began, but, in 1804, a patent signed by Thomas Jeffer- 
gon was granted to Benjamin Tyler, of Lebanon, N. H., for “an 
improvement in water-wheels,” in which he claimed “ hooping the 
wheel with iron hoops,” and specified the proper angle at which 

to set the buckets, “made of winding timber.” 
_ Similar improvements were early made in the mountainous dis- 
__ tricts of France, where metal buckets, curved either vertically or 
horizontally, were bolted to a central shaft, and were known either 
as “rouets a cuve” or “rouets volants,” and in common parlance 
with us were known as “tub wheels.” The water was applied 
all these wheels “ tangentially,’ by a trunk or spout which 
delivered it at the circumference. Next, this trunk was made in 
the form of an Archimedean scroll, which applied the water equally 
all around the wheel, the top being closed, and the discharge at 
the bottom. A wheel of this sort was patented by John Tyler, 
grandson of “ Benjamin,” above referred to, in 1855. I have no 
—_- record of the dates of the European improvements in this direc- 
tion, but, as early as 1843, Elwood Morris, of Philadelphia, experi- 
mented with and reported on what is generally known as the 
_ “Jonval turbine,” in which the radial buckets are curved verti- 
abet cally, and the water directed to them by a set of stationary guides, 


i Efficiency of Turbines as Affected by Form of Gate,” Vol. III., p. 84, No. 61. 
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curved in the opposite direction, and fixed to the interior of the tube 
or feeder which supplied the water. This form of wheel has also 
been known as the “ Koechlin,” “ Fontaine,” and as the “Froment” 
_ turbine; the name of “Jonval,” I believe, only applies properly 
to the “draught tube” arrangement, which was patented in this 


country by Zebulon and Amasa Parker, of Licking, O., in 1840. 


These wheels were sometimes, in cases of low heads, set directly 
in the bottom of the wooden flume or forebay, in other cases sup- 
plied by an iron feeder pipe. The Froment turbine, which the 


writer saw in the London “Crystal Palace” of 1851, was of the. 


former character, and the gates were a series of “ plungers,” which 
fitted down between the guides. J. P. Collins, of Norwich, Conn., 
has adopted this form of gate; others, as Mr. Geyelin, of Philadel. 
phia, have used what is known as the register gate, a term derived 
from the common hot-air heating apparatus. Still another form 
has been a sliding telescopic tube, outside, which throttles the 
_ water after leaving the wheel, and seems to the writer objec- 
tionable, but has been applied to the turbines at Niagara. 

This class of wheels, known as the “downward flow,” has 
proved effective and economical, and they are particularly suited 
for large and constant powers at low heads, but are deficient at 
partial gate, if the gate is of the register or telescope pattern. 
The writer has obtained 84 per cent. net effect with two 
_ “Geyelin” turbines, in different localities, when at “full gate.” 
We must now turn to a different form of wheel, the “inward 


flow,” patented in 1838 by Samuel B. Howd, of Geneva, N. Y. . 


In this the action of the Fourneyron wheel is reversed, and the 
converging guides, which were straight, were placed outside the 
wheel, which had curved buckets, revolving inside the guides, and 
was, in fact, only one form of the old “tub wheel.” Mr. Francis 
has stated (see “ Hydraulic Experiments”) that a similar wheel 
was suggested by General Poncelet, in 1826. 

In the Howd wheel, the regulating gates were placed outside 
the guides or “chutes.” The buckets were cast iron, fastened 
by bolts to wooden top and base plates, and the discharge was 
central. 

In 1849 Mr. Francis took this matter up, and built, for the 
Boott Mills in Lowell, an inward discharge wheel, in which he 
employed the carefully designed curves of the “ Boyden” wheel, 
and which gave excellent results, nearly equal to those of the out- 
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- This type of inward discharge gave much greater facilities for 
_ operating the gates, and was followed by a number of variations, 
notably the “ American Turbine,” of Stout, Mills & Temple, of 
Dayton, O., in which the form of gate adopted gave much 
_ better results than were obtained when partially closed, by the 
~ cylinder between the guides and buckets, which Mr. Francis 

_ copied from Mr. Boyden. This wheel at the Boott Mills lasted 

until 1875, when it was replaced by a “Swain wheel.” In 1855 
A. M. Swain, a mechanic who had been employed at the Lowell 
-machine-shop in the construction of the Boyden and Francis 
wheels, conceived an idea which produced the prototype and 
exemplar of all the modern American turbines. He combined 
_ the inward and downward flow wheels, curving the buckets both 
laterally and vertically, and discharging the water mainly down- 
_-—s-ward, where a reversed curve in the base on which the wheel 
a : rested threw it outward again, so that the path of the water was 
a semicircle. He adopted a form of gate which, instead of 
cutting off the water abruptly, closed the orifice by which it 
entered the wheel, by lifting the lower side of the tube, so as 
to contract the passage, which still retained a rounded aperture. 
The result produced by this was marvellous; instead of 30 per 
cont effect at part gate, or half water, he got 66 per cent., and 
83.4 per cent. at full gate, when the wheel was finally perfected 
in 1875. 

The Swain wheel had, however, given an excellent result as far 
back as 1862, and from that date down to about 1878 the number 
_ of turbines was legion, in all sorts of variations of curve of 
‘bucket and form of gate, but all containing the same general 
features of inward and downward discharge. Of these, the 
Leffel wheel combined both forms of bucket, separated by a 

oe 7 diaphragm i in the same wheel, and has given excellent effects. 

. The general result of this change from the Fourneyron type, 
as first introduced, has been to furnish the public with turbines 
aa y of equal power in one-half the space and at one-fifth the cost, 

_ being single castings of iron or bronze, instead of built up of many 
parts. The general line of evolution, beginning with the Swain 
wheel, has been that of fewer and deeper buckets, with wider 
openings, to avoid obstruction by floating matter, and in some of 
the wheels, like the “Hercules,” the narrow openings of the 

“¢hutes” have been retained, such matter from 

entering the wheel itself. 
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This latter wheel brings us to the date of 1876, when what is 
known as the “new departure” wheels were introduced. The 
first of these was the “ Hercules,” designed by John Bb. McCormick, 
of Brookville, Pa., who brought it to the Holyoke Testing Flume 
to be tried, and the results were such that the Holyoke Machine 
Company at once entered into its manufacture. 

The principal feature of this wheel was a much smaller diam- 
eter, with longer buckets and deeper openings, for any proposed 


amount of power. 


This wheel was at once followed by the “ Victor,” made by 
Stilwell & Bierce, of Dayton, O.,0n the same general lines, 
but differing in form of bucket and gate; and many of the older 


_ wheels have been since changed or improved in the same direc- 


tion, and the following table will show the difference in quantity 
of water used and power obtained by a number of wheels of 
nearly the same diameter, under the same head of 26 feet, be- 
ginning with the “ Boyden Fournéyron,” and ending with the 
“ Victor ;” 


Inches, Cubic Feet Water Horse- 
iameter. Sec. 


Boyden Fourneyron 
Risdon 


ss 


Hunt, ‘‘ Swain bucket ” 
Hunt, New Style 
Leffel, ‘‘ Samson ” 

“ Hercules ” 

Victor ” 


See 
238 
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This enormous difference in productive effect in wheels of the 
same diameter shows the great economy of the later type of tur- 
bines, particularly as all the wheels above named have a proved 
efficiency of 80 per cent., and some of them have given more ; such 
as 87 per cent. for the Risdon, tested by Mr. Edward Sawyer, of 
Boston, at Crompton, R. I., and by the writer at the Centennial ; 
87 per cent. for the “ Hercules,” tested by Professor Thurston ; 84 
per cent. for the Collins, by the same authority ; 84 per cent. nearly 
for the Swain, by Mr. Francis; 84 per cent. for the Geyelin and 
the Hunt, tested by the writer, and 88 per cent. for a 15-inch 
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re “Victor,” by the same, but this was so small a wheel that the 
test cannot be depended on. Later tests of large wheels at the 


Pi Holyoke Flume give over 80 per cent., and to these may be added 
ce the “Success ” of E. Morgan Smith, York, Pa., and the “ Humph- 
rey,” Keene, N. H., and the wheel of Gates Curtis of Ogdens- 
burg, N. Y., also the “ New American,” of the Dayton Globe Iron 
Works, Dayton, O. Here all questions of selection must be gov- 
erned by other reasons than that of mere efficiency, as all the 
_ above seventeen wheels have been proved to give 80 per cent. 


a: or over net effect. Nearly all these wheels have been adapted to 
ek horizontal shafts, for high heads, where the belt pulleys can be 


_ kept out of water, and so far as they have been tested show no 


2 lferene in economy from that given on vertical shafts. A 
a _ “Hunt” wheel, tested by Mr. Francis in sttw, in a mill at Lowell, 


~ only varied a fraction of ;1, of 1 per cent. on a horizontal shaft, from 
the result obtained on a vertical one by Mr. Herschel, at the 


Ra Testing Flume in Holyoke. 


_ While the writer has expressed a preference for the “ downward 
flow ” wheel when the head was low, and bevel gears necessary, 
he would prefer the new type of small diameter wheels for hori- 
- gontal shafts under high heads, as they give a greater initial 
velocity to the shafting, the friction of bevel gears is avoided, and 
_ if set in pairs, to thrust against each other, step friction, which is 
very destructive in muddy streams, is also done away with. 
The first instance in which turbines were placed in pairs in 
this manner, in the writer’s memory, was in 1875, when A. M. 


_ Swain installed a pair at Ticonderoga, N. Y., which were very 
- suecessful. Since then all the prominent wheel builders have 


- adopted it, and it has become very general in all cases where the 
head was sufficient to keep the pulleys out of water. It also gives 
the advantage of easy and immediate access to the wheel for ex- 
- amination or repairs, by a manhole in the case, if the head-gates 
to the feeder are closed. The writer installed a pair of Risdon 
- turbines for the Nashua Manufacturing Company in this way 
some time since, and, asking the man who had charge of them, 
after two years’ use, “ If anything had been required to be done to 


them?” he answered, “Nothing but to oil the stuffing-boxes, 


and: open and shut the gates.” Like all other water-wheels, the 


turbine is somewhat slow in answering to regulation under a 


> variable load, as it takes more time to open and close the gates 
- than it does to trip the “cut-off” in a Corliss engine, but both 
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the “Snow” and “Schofield” governors are very effective, and 
can be recommended. 

Since writing the above a new hydraulic “Governor,” the 
“ Lombarde,” has been introduced ; but the writer has no per- 
sonal knowledge of its efficiency, although it is highly com- 
mended. 

Among the other points mentioned in the schedule is the test- 
ing of turbines “7m situ,” and in regard to this the writer would 
say that a few points need careful attention. The friction pulley 

should be flanged, to keep the brake in place, and amply strong, 
and a safe size for it is to allow 1 square foot of surface motion per 
second for every 3,000 foot-pounds per second lifted; this gives a 
pressure of a little over 20 pounds per square inch. The brake 
should be of timber, fitted to the pulley, one-third the cireum- 
ference on each edge, leaving two openings of one-sixth circum- 
ference for lubrication. The best lubricant is strong, thick 
soapsuds, about the consistency of molasses, and this should be 
constantly fed from a can or cans in a stream the size of a quill, 
and may be diluted in use by a jet of cold water from a hose or 
pipe, played in through the openings, to cool the pulley. The 
_ brake lever is most convenient if made the radius of either a 
33-foot or a 66-foot circle ; that is, practically, 5 feet 3 inches or 10 
feet 6 inches long from centre of shaft to point of attachment of 
weight. The whole apparatus should be perfectly balanced at 
rest before commencing operations. 

- With a worm shaft and gear, tapped in to the wheel shaft, so 
as to ring a bell every one hundred revolutions, the speed is ascer- 
tained, and the weight in the scale being known, the horse-power 
is quickly calculated. Professor Thurston’s paper on “Turbine 
Testing,” in Vol. VIII. of the Z7ansactions, and Mr. Francis’s “ Hy- 
draulic Experiments,” give data as to the measurement of water, 
if the net effect of the wheel is also to be arrived at, but it would 
cover space unnecessarily to go into those details here. 

When we come to the matter of cost, we find it to vary much in 
different localities, according to the expense of development. The 
cost at Lowell, when the first “ mill powers” were opened, had 
been only $40 per horse-power, for dam, land, and canals. This 
was increased $50 per horse-power by the new canal, which gave 
more certain head, and enabled the mills to use the surplus water 
which ran to waste part of the year, and the total cost has prob- 
ably been $100 per horse-power, to which another $100 is to be 
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_ added for the expensive Boyden wheels and massive masonry 
pits. At Augusta, Ga., the canals, nine miles long, cost the city, 

_ which leases the power, $90 per horse-power. At Columbia, S. C., 
for five miles of canals the cost to the city has been $72 per 
horse-power. 

In many cases of smaller enterprises it has been less than $50 
per horse-power, and the total cost, including wheels and pits, less 
than $100, and we will now give the data of the cost of water- 
power as developed within recent years at three different points, 
showing the outlay, and a fair allowance for interest and running 
expenses. 

The first instance we shall give is that of the Concord Water 
Power Company, on the Merrimac River, at Concord, N.H. Here 
the power developed is at a minimum 3,300 horse-power, on an aver- 
age 5,000 horse-power from a fall of 22 feet. The wheels are 
: “Rodney Hunt” turbines, set in pairs on horizontal shafts of 400 
horse-power each. The cost has been as follows: 


700 Acres Land, and Flowage on aA 


Making an investment for water of............0cesccececceees 


or $63.72 for the minimum amount of power, or $42.05 for the 
average amount of power. To this is to be added, pits and foun- 
dations put in for 2,000 horse-power, $15,000, or $7.50 per horse- 
power ; wheels put in for 1,600 horse-power, $12,225, or $7.66 per 
horse-power—making a total, for the minimum flow of water, of 
$78.88 per horse-power, and for the average flow, of $57.75 per 
horse-power. 

Now, if we base our calculation of cost on the minimum flow, 
and allow interest, 5 per cent., sinking fund, 24 per cent., repairs, 
13 per cent., taxes, etc., 1 per cent., we get a total annual cosé of 
10 per cent., or $7.89 per horse-power, to which add oil and attend- 
ance, 75 cents, making $8.64. 

As this power is to be transmitted, in part, at least, to Concord 
by electricity, the cost of such transmission, on which I do not 
assume to be authority, will have to be added to this. If, on the 
other hand, it is to be partially used near at hand, it is safe to say 
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that the cost of transmission by shafts and belts would not increase 
it to over $10 per horse-power. 

If we assume the average flow of 5,000 horse-power the cost 
of the power at the wheels would be only $5.72, but we should 
then require the additional expense of a steam plant, and its 
operation, to produce the 1,700 horse-power deficiency at low 
water. 

We will now take a large southern mill, the John P. King, at 
Augusta, Ga. Here the water is purchased of the city at a rental 
of $5.50 per annum per gross horse-power. 

The wheels are 3 Geyelin turbines, on vertical shafts with bevel 
gears, estimated at 1,835.5 gross horse-power. These wheels, by 
my own test in situ, netted 84 per cent. Calling the average 80 
per cent., it gives 1,468 net horse-power. This cost of plant was 
for wheel-pits, 42 feet deep, in rock, head race, 200 by 40, tail 
race, 800 feet to river, about $25,000, and the wheels and jack 
shaft cost the same, or $50,000 in all. This, for 1,468 net horse- 
power, is $34.20 per horse-power, or, at 10 per cent., $3.42; water 
rent, $5.50 on 1,835.5 gross horse-power, equal, net, $6.88 ; attend- 
ance and oil, 75 cents ; making a total cost of $11.05. 

The next case is also a southern one, that of the Columbia 
Mills, at Columbia, S.C. Here the water is also leased, at a rental 
of $5 per horse-power. For quantities less than 500 horse-power, 
the charge is $7. The fall is 27 feet, and the power is furnished 
by “ Victor” turbines, on horizontal shafts, and is transmitted by 
electricity to the mills. 

Quicksands made the wheel-pits very expensive, by the quan- 
tity of concrete masonry required, so that for all expenses of pits, 
races, power-house, etc., we have $55,000 for 2,000 horse-power. 
The wheels cost $20,000 more, so that we have a total expenditure 
of $75,000 for 2,000 horse-power, or $37.50 per horse-power. This, 
at 10 per cent., as before, gives $3.75 per horse-power ; water rent, 
$5 per horse-power ; attendance and oil, 75 cents; making a cost 
at wheels of $9.50 per horse-power. 

As the water rent paid in the last two cases covers interest and 
depreciation, while the cities which furnish the water also obtain 
their own supply for other purposes, it will be seen that it covers 
the cost, and that the estimate of Mr. Samuel Batchelder, fifty 
years ago, that the cost of water-power in Lowell, including land, 
was under $15 per annum per horse-power, was substantially cor- 
rect, and will cover the cost of water-power with modern turbines, 
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a under fair circumstances, to-day, with plenty of room to spare for 

heating. 

The writer trusts that these notes may be sesegibiite to the 

- Society, and that they may draw from some of the other members, 

7 _ _ who have paid more attention to that question, fuller details as to 
_ the cost of “ water storage,” and possibly some other facts in the 
history of the turbine which have not come to his knowledge. _ 


DISCUSSION. 


: Mr. H. H. Suplee.—Referring to the historical portion of this 
_ paper, I really do not think that sufficient mention has been 
- made of the work of Mr. Emile Geyelin, of Philadelphia. He 
is mentioned here in regard to the turbines, at various times, 
but without any date. Mr. Geyelin was acquainted with Four- 
-- neyron, and subsequently with Jonval; and he came to this 
ts hs country, I think, about 1850. On page 50 the date is given from 
the author’s memory, of 1875, for Mr. Swain’s idea, placing two 
turbines opposing each other on the shaft. 
: I find that Mr. Geyelin constructed in 1854 what he believes 
to be the first pair of turbines working on a horizontal axis. 
These turbines were made for Mr. James Prince for a cotton- 
mill at Palitas, Mexico. His original intention had been to 
order at Manchester, England, an over-shot water-wheel, 100 
feet in diameter, for which he expected to pay $25,000. He was 
dissuaded from doing so by Mr. Alexis Dupont, of Wilmington, 
who had already had favorable experience with turbine wheels 
_ designed by Mr. Geyelin. The problem was to build a turbine 
ae of 140 horse-power to operate under 160 feet head of water. 
_ _ Mr. Geyelin proposed to build a pair of horizontal-axis turbines, 
go arranged that the opposing pressures counteracted each 
other, the speed being reduced by means of gearing. The con- 
tract price was only $2,300, or less than one-tenth what Mr. 
_ _ Prince had expected to pay in England. The offer was accepted, 
. ae and the wheels were built, and were most satisfactory in their 
operation, subsequent orders being also satisfactorily filled. 
_ These turbines were only eleven inches in diameter, and made 
1850 revolutions per minute, the speed being geared down, so 
that the countershafts ran at 185 revolutions. Mr. Geyelin not 
long ago exhibited the original drawings and the agreement 
before the Engineer’s Club of Philadelphia, so that the above 


js a matter of record. Mr. Geyelin is still in active service, and 


inventor on is the fact that hydraulic transmission must be very 
efficient, because hydraulic motors realize so much of the power 
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designed the large turbines for the paper mills in use at Niagara 
Falls, in advance of the Swiss turbines now in use there. 

Mr. William 8. Aldrich—The utilization of water-power is 
certainly a mechanical subject, as Mr. Webber early points out. 


_ And we believe that the members of our Society need have no 


fear that the subject is likely to very soon run out into other 
_ branches of engineering. We would not go further than to 
paraphrase that which is only too often applied to another sys- 
_ tem of power transmission, and say that hydraulic transmission 


is yet in its infancy. 


Some time ago we were called upon to design a system of 


_ hydraulic transmission mechanism, for the purpose of variable 
_ speed power transmission. As usual, these problems come up 


without precedent. Costly experimental work is necessary to 
obtain any data for the case in hand. What seems to lure the 


delivered to them. Arguments will not avail. An experiment 
must be made; and history repeats itself. The inherent char- 
acteristic of an incompressible working fluid is shown to be 
either a great advantage or an insurmountable obstacle te the 
successful introduction of the principle. The desired efficiencies 
of water-wheels and motors are not realizable all along the line 
of their load variations. Consequently, at small loads, hydraulic 
_ gear will prove less efficient than somewhere near the maximum 
for which it was designed. 

In fact, hydraulic motors are not so very different in their 
performance from turbine wheels. They may be designed to 
have maximum efficiency at almost any point, from half to full 
load. It is quite necessary to know at what point you are going 
to use the motor the most, in order to design it for that work 
at a given speed. 

On the other hand, with a given motor it will be found pos- 
sible to bring the point of maximum efficiency almost anywhere 
from half to full load, according to the relation between the best 
spouting velocity and speed. In the case of the Pelton motor, 
for instance, it has been found that the maximum efficiency is 
attained at or near the point where the circumferential velocity 
is 47 per cent. of the theoretical spouting velocity. So that 
with fixed head and given sized nozzle, fully open, it easy to 
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determine at what speed you must run the motor in order to 


eo obtain the maximum efficiency at any given proportional part 
of the full load. At all loads under and over this, the efficiency 
falls so rapidly that it is likely to bring into disrepute the 
utilization of power transmitted by hydraulic pressure. The 

a eae line losses, however, in such a transmission increase very slowly 


as the load is increased; so that up to the point of maximum 
efficiency of motor, increasing motor efficiency is met by 
decreasing line efficiency ; and beyond, both motor and line 
oa efficiency fall off together. It is necessary to plot the curves 
Re, oe to determine the resultant effect of these variable efficiencies 
throughout the range of loads. 

Accumulator storage of water-power is coming into such 
extensive use that its installation requires a knowledge of its 
probable efficiency at various loads. One of the most complete 
_ series of tests was made at the Marseilles Docks, and quoted 
by Unwin, in his “Development and Transmission of Power.” 
The efficiency of the storage reckoned from the indicated power 
of engine to work stored in accumulator, appears to fall off very 
slowly but almost uniformly from light loads to fully loaded 
condition. We required this information not long since, and 
_ were unable to obtain any data at all on the efficiency of accumu- 
lator storage, all of our representative builders reporting that 
no such tests had ever been made with their installations. Busi- 
ness competition and the demands for intelligent installation 
. will certainly require future guarantees of performance in these 
pumping plants. 

- - Mr. Samuel Webber.*—I am very much obliged to Mr. Suplee 
for his addition to my reminiscences on the history of the tur- 
bine. Although I have enjoyed Mv. Geyelin’s acquaintance, and 
[I may say friendship, for fully twenty years, he had never men- 
tioned this matter to me while discussing the subject of tur- 
bines ; and the first horizontal shaft turbines of his, within my 
_ knowledge, were some he put in at Willimantic, some ten or 
twelve years ago, of which he sent me an illustration. 

Professor Redtenbacher, of Carlsruhe, had put in a pair of 
Archimedean scroll wheels, on a horizontal shaft, prior to 1851, 
as stated by Professor Wedding; but these had no draft-tube: 
and were simply “reaction wheels.” Mr. Suplee does not say 
whether Mr. Geyelin’s wheels had the draft-tube or not. 


* Author’s closure, under the Rules. 
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I am also in receipt of a letter from oné fellow member, my 
friend Mr. John H. Cooper, asking me why I did not mention 
the “ Pelton wheel” ; to which my answer is, that I have never 
seen it, and only know of it by “ hearsay.” Nearly all the other 
wheels I have mentioned I have tested myself, and for those 
which I have not, I have the authority of either Messrs. Francis, 
Mills, or Thurston. I find that I also forgot to mention the 
“Burnham” wheel, very successful tests of which were wit- 
nessed by Professor Thurston and myself at Holyoke in 1872. 

Mr. Cooper has kindly sent me a copy of the report of a com- 
mittee of the Franklin Institute, published in their Journal for 
September, 1895, which gives the Pelton wheel a standing which 
certainly entitles it to a high mention; but as my paper was 
written the last of May it was impossible for me to use the 
information. Iam very glad to read, in the supplement to the 
said report, the result of Mr. Cooper’s own researches into the 
history of the “impulse ” wheel, in Europe, and find the general 
confirmation of the now established fact that, in a turbine, “the 
water should enter without shock, and leave without velocity.” 
Mr. Boyden explained this to me fifty years ago. 
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WATER-POWER OF CARATUNK FALLS, KENNEBEC RIVER, MAINE. 


OF CARATUNK FALLS, KENNEBEC 


ay BY SAMUEL McELROY, NEW YORK CITY. 


In the winter of 1888-9 I made an examination of this power, 


_ on the Kennebec River, Maine,.for some Boston capitalists, and, 


incidentally, of the power capacity of the river at and above 
Augusta. 
Water-power being determined, in the main, by drainage area, 


rainfall, climate, relative storage, and local fall, from very careful 


statistics and examinations at my command I found the following 
conditions : 
Catchment Basin.—The basin of the Kennebec is compact in 


form, bold in contours, abounds in lakes and forests, has a heavy 


and quite regular rainfall, a cold climate favorable to its stream 


_ flow, and is capable of large development in power. 


The length of the river, from its head-waters of the “ Moose ” 
to “ Moosehead Lake,” is 72 miles; to Caratunk Falls, 137 miles ; 
to Augusta, 184 miles ; to the ocean, 227 miles. Its divides in the 
White Mountains rise to 3,113 feet above tide; Moosehead Lake 
being 1,023 feet, Caratunk Falls 316 feet, Skowhegan 220 feet, 
Kendall’s mills 76 feet, Augusta dam 17 feet above tide. 

The formation of the upper basin is granite, sandstone, and 


slate; thence to the ocean, mica-schist, clay, slate, and gneiss, as 


at Caratunk Falls. 
__ The river basin is about 5,917 square miles. About 3,800 square 
miles are in forest.+ 

There are 311 lakes and ponds, somewhat more (311 to 290) 
than the mean lake distribution in the State; joint area, 450 


*Presented at the New York meeting (December, 1895) of the American 
Society of Mechanical Engineers, and forming part of Volume XVII. of the 
Transactions. 

+ In 112 miles to tide, the descent is 1,028 feet ; about 9.1 feet per mile; a 
greater fall in a shorter distance than any other Maine river. 
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square miles; area of 152, 357.15 square miles; area of Moose- 
head Lake, 120 square miles ; its basin, 616.6. 

The mean temperature of the northern third of the State is 

-- 88°.55 (Fahr.); of the southern two-thirds, 43°.21 : mean summer 
heat, 61°.58 to 66°.80 ; mean winter heat, 19°.09. 

As a consequence, while there are a large snowfall and deposit, 

its under stratum thaw maintains winter stream flow, while spring 

freshets are delayed until the ice, as a rule, is brittle, on does not 


al 


ita) 

make the dangerous freshets of milder climates. As will be 
noticed, in its place, upper pond ice sheets strongly tend to pre- 
vent sludge ice, and maintain full power head on the dams. 

Power Conditions.—Caratunk is one of those places where 
nature seems to have adapted her work to a future art use. 
From a comparatively broad river, for several miles, a very nar- 
row gorge compresses the whole flow into a cascade with a natu- 
ral fall of about 28 feet, while immediately below, the river at 
once widens into still broader expanse for several miles. There 
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are here, then, a large natural pondage above the falls; a site 


ey ae already formed for race, wheel pit, and mills; a powerful fall on 
a _ this immediate site, and an estuary directly obviating obstructions 
flood back-water. 
_ Area.—As outlined on the annexed map (Fig. ); Caratunk Falls 
drains four great tributaries; the 


Moose River 766.55 square miles, 


2,850.00 square miles. 


366 square miles. 


Rainfall.—From statistics collected by Henry Richards, Esq., 

_ at Gardiner, at the lower end of the river, the mean fall for 50 

_years—1839 to 1888 inclusive—is 44.494 inches. The quarterly 

season subdivisions show the usual uniformity; spring, 11.194 

_ inches; summer, 10.550 inches; autumn, 10.500 inches ; winter, 

- 19.250 inches. The maximum fall in 1887, 54.64 inches; mini- 
mum, 1860, 33.71 inches. 

Power Investment.—W ithout time to make a continuous gauge 
of the river, it was necessary to estimate its ordinary merchantable 
_-yalue, at this point, from a study of its hydrology. With 28 feet 

available flood fall (wheel-heads being usually reduced in freshets 

from back-water), and a mean rain ‘of 44.494 inches, minimum 

33.71 inches, on such a basin, a safe present plant outlay for 5,000 

_ horse-power was determined from experience on this and other 
rivers. 

: There is sometimes a conservative and proper and sometimes 

an “intensely scientific” tendency to disparage stream flow for 

_ city supply and power use, because in every season there is a short 

time of extreme minimum flow, and at intervals a year of much 

reduced flow. A basin with a rain supply of 45 inches per year, 

or a mean of 3.315 cubic feet per second per day, may, for a, few 

days, run as low as 0.22 cubic foot ; the Kennebec sometimes down 
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to 0.6 cubic foot for 20 to 25 days; the Merrimac, 0.31 cubic foot ; 
Delaware, 0.30 cubic foot; Passaic, 0.22 cubic foot; Croton, 
0.15 cubic foot. So the rainfall—with a mean for 50 years—on 
the Kennebec may vary from. 54.64 inches, 1887, to 33.71 inches, 
1890; but the mean of all the great basins shows these as excep- 
tional years, with large flood waste in the wet months; which 
dictates the common sense of catchment and storage. 

Authorities, like Professor Trowbridge, in “ Water-Powers of 
the United States,” p. 8, assert that the “total amount discharged 
by streams falls as low as 12 (0.885 cubic foot per second per square 
mile) or 15 inches (1.1 cubic feet) over the entire drainage basin, 
at intervals of from 5 to 10 years.” Nothing can be clearer than 
the wisdom of adequate provision for exceptional years and weeks, 
but very great loss of mean available supply and power would 
follow the reduction of plant to extreme cases. 

Merrimac River.—A carefully but not fully developed power 
like that of Lowell or Lawrence furnishes a valuable lesson. 

At Lowell, with 4,085 square miles basin, with a mean of 44.89 
inches rain, 19 to 27 years, an actual sale of standard power, on 
33 feet extreme low-water fall, is about 3,596 cubic feet per second, 
or 0.8803 per square mile, for the usual working days of 11} 
hours. 

At Lawrence, with 4,553 square miles basin, the standard use 
is 4,200 cubic feet per second for the working day, the full day 
supply being a mean of about 2,400 cubic feet, or 0.5271 cubic foot 
per square mile per second, or 15.85 per cent. of the mean rain- 
fall. ‘Extra powers are largely furnished. 

But the stream flow itself far exceeds this use, with rare cases 
below standard mill day supply ; in 6 years no month below 2,400 
cubic feet per day. 

Dry month daily averages at Lawrence, in cubic feet per 
second : 


> 


September.} October. 


232 


we | 2909 C129 


ae 
A. 
i- 
= 
Year. May. Jone. | July, | 
11.848 | 4.471 | 2.998 8.094 | 4.857 
9.960 | 10.528 | 4.993 9.559 | 9.164 
1878.............] 16.174 | 4.820 | 8.065 8.400 | 10.914 
1874.............| 19.091 | 11.280 | 11.126 3.152 8.195 an 
5.264 3.075 2.618 3.767 
Mean........| 14.828 7.161 4.697 m6 3.687 5.288 
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ras Se For the storage control of daily supply ample provisions exist 
at each point; for that of minimum flow, ample and expensive 
provision has been, in 7 storage lakes of 103.48 square miles area, 
capacity of reserve, 7,483,283.544 cubic feet, on depths of 2 to 4 
feet ; but, while their existence doubtless regulates the river, their 
full use appears to be hampered by mills below them, so that 
practically little special use has been made of them. During these 
years—11 months in all—quantities 39 to 123 cubic feet per 
second ; in one case, September, 1873, 277 cubic feet per second 
{Sudbury River case). 

In these dry months the mean flow is 6,568 cubic feet per sec- 
ond, 1.442 cubic feet per square mile, 43.6 per cent. of the mean 
rainfall for these years. How much was wasted in the wet 
months is self-evident. 

The Sudbury River, a contiguous basin, in 5 years, 1875-9, with 
about 78 square miles area, with a maximum rain of 57.93 inches, 
minimum 41.42, mean 47.68, gave actual measured flow of 49.94 
per cent. mean, 57.9 per cent. maximum, 44.88 minimum. 

The Mystic also, in 4 years, 1876-9, maximum rain 54.06, | 
minimum 35.3, mean 44.86, gave 48.1 per cent. mean, 51.2 per 
cent. maximum, and 43.6 per cent. minimum. 

The Croton, in geology and topography, better resembles the 
Kennebec. Its basin of 338.82 square miles, above the Croton 
‘dam, had a mean rain for 12 years, 1868-79, of 45.98 inches. 
Measured flow of “Boyd’s Corner” basin, 20.57 square miles ; 
mean, 70.98 per cent.; Croton dam, mean, 57.68 per cent.; lowest, 
45 per cent. of 48.93 inches fall; highest, 74 per cent. of 50.33 
inches. 

The mean annual flow of the Connecticut is 1.86 cubic feet per 
square mile per second; Raritan, 1.72 cubic feet per square mile 
per second ; Ramapo, 1.73 cubic feet per square mile per second ; 
Potomac, 1.85 cubic feet per square mile per second. 

Kennebec Power.—Applying these conditions, the relative value 
of the Augusta and Caratunk dams may be examined. 

Augusta dam is 956 feet long, with a fall of 17 feet. It hasa 
log chute on the east end, and a large mill on the west end, of 
3,000 horse-power. 

The measurements for low water show a mean in 1866, with 
45.63 inches rain, of 2,916.6 cubic feet per second, or 0.494 cubic 
foot per second per square mile for July, August, and September. 
_ T learned frdm an intelligent gate-house keeper, of long experi- 
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ence here, that in the lowest summer run of 20 to 25 days (com- 
mon on other streams) the depth on the dam is about 6 inches, 
and the usual depth a foot, for the balance of the dry season, of 
about 80 to 90 days in all, before and after this reduction ; and it 
was reported as exceedingly rare to have no flow on the dam. 
a With 3,000 horse-power in use, 6 inches flow equals 0.19 cubic 
_ foot per second per square mile, and the mill use, at 70 per cent. 
duty, is 0.4056 cubic foot, or a total of 0.5956 cubic foot per second. 
_ The usual use at Lawrence, very near stream low run, is 0.5271 
_ cubic foot per second per square mile per day. A very low run 
August 21-26, 1876, gave 0.5 cubic foot. 
- The extreme low run assumed by State authorities (“W. P. 
Maine,” p. 92) is 1,300 cubic feet per second, or 0.22 cubic foot 
per second per square mile. Applying this to the extreme year 
of 1860, the equation stands: 


25 days at 0.22 cubic foot ° ts 


280 


365 
Per day, 1.042 cubic feet per second per square mile. 

At one-foot flow (neglecting the waste at the log chute), the 
dam gives 0.538 cubic foot, and with the mill, 0.948 cubic foot per 
- second per square mile. 

The spring flood flow has been measured at 35,352 cubic feet 
per second for 5 feet depth on the dam, or 6 cubic feet per second 
per square mile. Other occasional floods have reached 7.1, and in 
one case 11.5 cubic feet. In these cases the flow is spasmodic, 
with a rapid rise for about 12 hours, a stand of 12, and a'rapid fall. 

The streams which supply this dam differ essentially in regi- 

men. Those like the Carrabassett and Sandy, draining the 3,067 
square miles below Caratunk Falls, are not well reservoired by 
natural lakes, and are subject to rapid rise and fall in heavy rains, 
while the basin above the falls abounds in such reservoirs, which 
greatly reduce flood waste and improve summer flow. 

Caratunk Power.—In applying these observations to this fall, 

_ it is evident that its power conditions are much more favorable 

than Augusta, below it, or the Merrimac, at Lawrence. 

To analyze the supply as to its capacity and as to its moderate 
mercantile value, basing one on the mean annual rain of 50 years, 


1839 to 1888, and the other on the lowest record year, 1860, the x 
following tables have been compiled: 
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WATER-POWER OF CARATUNK FALL 


S, KENNEBEC RIVER, MAINE. 


ANALYsIS OF MEAN ANNUAL RAIN, 1839 To 1888, 50 YEARS—KENNEBEC 
RIVER, GARDINER, MAINE. 


er 


PER SquaRE MILE PER SECOND. 


ife 


Square Mile. 


Above 50 per cent.| Below 50 per cent. 


Cubic Feet 
r Second 
Ratio Actual 


Flow, per cent. 


Amount. 


216.899 


KENNEBEC RIVER: ANALYSIS MINIMUM YEAR, 1860, GARDINER, MAINE. 


PER SquaRE MILE PER SECOND. 


Above 60 per cent. Below 60 per cent. 


er Annum, 


per Secon r 
Ratio Actual 
Flow, per cent. 


Square Mile. 


Rain, Inches. 


Per Per | Per 
Day. _ Month. | Day. 


Amount. 


0.019 0.589 
1.706 51.180 
1.094, 88.914 


Year... 97.142 


3 Per Per Per Per 
Day. | Month. | Day. | Month. 
San... 8-56 | 42.72] 8.147] 45 | 0.999] 6.888 
| Feb... ..| 8.68 | 48.56] 8.209} 45 | 1.488) 28 |......|........| 0.205] 5.740 
March..} 8.98 | 47.76] 8.518) 90 | 8.145] 81 | 1.507] 46.717 
April...| 3.41 | 40.92] 8.014] 185 | 4.050| 80 | 2.419] 72.360 |......|........ 
May....| 8.82 | 45.84) 8.877] 75 | 2.580) 81 | 0.892] 27.652 |......]........ 
«Sune 8.27 | 89.24| 2.890} 60 | 1.734] 80 | 0.096; 0.288 |......|........ 
uly 8.88 | 40.56) 2.988] 45 | 1.844) 81 0.204) 9.114 
| 44.88] 8.806] 15 | 0.496] ]..... |........| 1.142) 85.402 
Sept... 8.85 | 40.20) 2.961; 7.5; 0.229] 80 |......]........| 1.416] 42.480 
4.0 | 51.60] 8.781] 45 | 1.701) 81 | 0.063} 1.958 |......)........ 
Nov....| 4.80 | 51.60) 3.781] 67.5] 2.529] 30 | 0.891! 26.780 |......|..... . 
8.75 | 45.00 8.815, 90 | 2.967) 81 | 1.820) 41.199 |......|... 
28.592 
3.277] 60 | 1.966/365 99.618 
50 | 1.638 
|, | 
er 
Month. 
Jam... 1.04 12.48] 0.919) 45 | 0.418) 81 |.. 1.079) 33.449 
Feb 3.29 | 89.48] 2.908] 45 | 1.808] 28 |......)........| 0.184) 5.152 
Mareh 2.14 | 25.68] 1.890} 90 | 1.701) 81 | 0.209, 6.479 |......)........ 
April...| 1.81 | 15.72) 1.158] 185 | 1.562} 80 | 0.070 0.210 |......|........ 
0.87 | 11.14) 0.821] 75 | 0.618) 31 |......|........| 0.877] 27.187 
Sune 2.86 | 28.32} 2.086) 60 | 1.651) 80 | 0.159, 4.770 |......|........ 
Sully. 1.97 | 28.64) 1.741) 45 | 0.788] 81 |....../........] 0.709] 21.979 
4270 | 56.40] 4-155] 15 | 0.628) 81 0.869} 26.939 
Sept. 8.62 | 48.44) 8.200] 75 | 0.240) 30 |.. 1.252) 37.560 
Oct.....| 3.80 | 45.60] 3.359) 45 | 1.511) 31 
Nov... 5.86 | 64:82) 4.738) 67.5) 3.198) 30 
Dee.....| 8.25 | 89.00) 2.873) 90 | 2.586] 31 
152.266 
Bee Soe 1.492 ; 60 per cent. 63.8 per cent. of deficit. 
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ages derived by other stream analyses, as proximate guides to an 
estimate of the deficit to be supplied to maintain a given power. 
In Table I., 50 per cent. flow (1.638 cubic feet per second per 
square mile), maintained, would give wheels of 70 per cent. a 4 


In the tables the relative monthly flow is assumed, on percent- © a 


(a moderate estimate for those actually used), for 24 hours’ use, fee 
for full-day pulp mills, 10,374 horse-power ; and make a ane «All a 
draught- of 24,509,935,750 for five months; with a large surplus — 
for seven months, especially in November and December, previous 
to the deficit of J anuary and February. ae 
Table II., for the minimum year of 1860, in like manner, for 60 
per cent flow, or 1.492 cubic feet per second per square mile, — + 
9,450 horse-power, shows a deficit for six months of 37,493,979,840 
cubic feet, and a balance of 13,573,973,928 cubic feet, or nearly — 
one-third the present pondage, which is 37,794,189,312 cubic feet. be 
For 0.964 cubic foot per second, or 6,000 horse-power, the deficit | 
for five months is 16,203,104,480 cubic feet, about one-third - . 
surplus, above this wheel use, for seven months. as 
Storage Reserve—Above the falls there are 58 important lakes, 
of 229.6 square miles area. Their draught capacity is: 


i. 128 square miles.............. 8 feet (Moosehead Lake). a 

229 square miles.............. 5.92 feet, equated depth. 


Total available, 37,794,189,312 cubic feet. 
3 
For logging use Moosehead Lake will raise the river, at Cara- 
__ tunk Falls, four or five feet, as used. Moosehead Lake gates are 
__ ¢losed in the late fall, to store the winter flow, at a time when the 
remaining basin is ‘amply supplied. Evidently then, without 

special control from Caratunk, very valuable provision already 
exists to maintain equable flow when most needed; but as the 
lumber fails, and less spring and early summer use is made for 
river flushing, the great Moosehead Lake will become more 
available for dry summer supply, and raise the value of this power 

in proportion. 
Present Value.—With equal rainfall, better conserved by climate 
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and location, and with fivefold the proportionate storage reserve 
of the Merrimac, in a case where it seems to be little needed, 
from limited wheel use, this fall ought to command much greater 
‘supply in dry seasons. 

It was evident, then, not only that this fall had a great prospec- 
tive value which will place it in the front rank of great powers, 
but a present value, easily and cheaply developed, of not less than 
5,000 horse-power, as a moderate result for full-power operation. 

Site Advantages.—The rock gorge here, at and below the site 
of the dam, has unusual adaptation to cheap and strong dam, 
mill, and wheel-pit construction, and easy control of log chute 
_and flood-wash by permanent masonry, while the formation on 
the east side is well adapted to store yards, employees’ residences, 
and other structures. The completion of the Somerset Railroad 
to and across the falls relieved any question of easy and cheap 
receipt of machinery or supplies or delivery of products. 

Improvements.—In the fall and winter of 1890-91 a dam was 
built by the Moosehead Pulp and Paper Company, under the 
superintendence of D. T. Mills, H. E., with a large pulp mill on 
the west side of the falls, intended to develop about 3,500 horse- 
power on that side. Three “new American” wheels of 850 
horse-power each have been put in, 66-inch diameter ; one “ Spe- 
cial,” 45-inch, 390 horse-power ; a 16-inch “ Electric,” of 42 horse- 
power ; and a pair of 13-inch horizontal, for a centrifugal pump 
of 80 horse-power, representing about 3,000 horse-power. 

Measurements made through 1890, a very dry year, show a 
minimum flow of 6,000 horse-power (on 70 per cent. wheels), as 
reported to me. 

Turbines.—The “ centre vent,” or “inward flow” wheel, with 
its carefully planned and adjusted scroll curbs and gates, has been 
the favorite of its class, originating in the “ Wry Fly ” of Benjamin 
Tyler, of 1804. Those of the “new American” type used here 
have shown high duty, especially in “ part gate” work. 

Tests at Holyoke, July 8, 1894, show results indicated as fol- 
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Revolu- 
Opening | wena. | Discharge tone Per | Rect Per | Horse: |Bictency 
Maximum 
Minimum 
Maximum.... . 
Minimum 
Maximum 


119.17 79.76 
127.75 78.26 
122.00 82.58 
134.00 79.02 
117.58 82.18 
Minimum 133.50 76.71 
. 111.88 .99,| 79.31 
Minimum 38° 136.25 72.82 
Maximum .563 | 118.67 75.52 
Minimum . : 145.50 60.67 
135.00 67.85 
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Relative Cost: Steam and Water-Power.—Estimates for cost of 
te steam substitution are necessary in mill-power expert cases, and 
‘tauch difference of opinion is sometimes expressed. 
: Like all other engineering questions, this is to be determined by 
— principles involved, in which special local cases may differ, 
without affecting the general rule. 

Obviously, power generated by the great steam-boiler of the 
_ globe itself, by which enormous bodies of water are precipitated 
on the earth, to seek sea-level under the influence of gravity, with 
a weight of 624 pounds per cubic foot, is cheaper than ordinary 

steam-engine power. 

There is also a material difference in plant cost between an 850 
horse-power turbine fitted in place and an equal steam-engine 
plant in place. 

_ There is also in attendance, wear, and other contingencies, insur- 

ance, etc., a material difference. 
If, then, the location and the supply admit an economical appli- 
7 cation of power, all these conditions favor water-power. 
_ In this case the outlay for dam, flume, head-gates, wheel-pit, 
etc., Was $15 per horse-power of 3,500 on 


$9, or $24 in all. 
Similar steam-plant could not be daniel for less than $65 
horse-power, for boiler, engines, and buildings. 
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A fair estimate of its annual fixed expense is : Wage. MOR: - 


e r Depreciation, 4 per cent. ; repairs, 4 per cent. ; supervision, 1 per cent. ; 
taxes, 4 per cent. ; insurance, 1} per cent.; interest, 5 per cent. ; 
total, 16 per cent. on $65 


, Annual operation for 3,000 horse-power, 300 full days per year (pulp 
mill), closely estimated : 


Coal, 48 pounds per horse-power per day, 300 days, 14,400 pounds ; 6.42 


Attendance, Engines.......... 
Cleaning 
and Supplies 


Three hundred days, $9,750 + 8,000 horse-power 


Total per horse-power 
Turbines, etc., fixed charges : 


Depreciation, 2 per cent. ; repairs, 2 per cent. ; supervision, 1 per cent. ; 
taxes, $ per cent.; insurance, } per cent. ; interest, 5, or 11 per cent. 


_ Attendance per ‘horse-power......... 


Race, etc 


This shows, in a local case like this, a proximate comparison. 
Cotton and similar mills, unlike pulp mills, requiring careful heat- 
ing, have in steam-plant the use of exhaust steam, and in other 
ways local cases will modify the results, but nothing can be more 
_ clear, in principle, than the superior economy of water-power 
sé. 

As a practical comment on the cost of steam-power, the “ Cen- 
tral Pacific” mill at Lawrence, with 29 mill-powers, or 1,740 
horse-power in ordinary use, and with 1,000 horse-power steam- 
plant, has preferred to pay $12 per day per mill-power for surplus 
water, for months together, rather than run this expensive plant. 
This is about $50.40 per horse-power per year of 277 days. 

The usual Lowell estimate of steam-power is $75 per horse- 
power per year, and $3 per week is the common price paid for it 
in New York and other cities where rented. 

The Lowell rental of water-power at $1,200 per mill-power per 
year is for 277 days, $4.32 per day, or a mean of $20 per horse- 
power (shaft) per year. 

Niagara Water-Power.—As a prominent instance of the supe- 
rior economy of water-power in favorable localities, with econom- 


: 
q 
4 
— $10 40 
| 
@22 FO 
$32 50 
>» 
9 
m $24. .. $2 64 
GG, 
nf 
= “we” 
x 
ane 


_ ically constructed plant, the rates published for the New Hydraulic 

tunnel are for 5,000 horse-power or over, $10 per horse-power per 
year; 4,500, $10.50 ; 4,000, $11; down to small powers, 300, $21. 
On the old Hydraulic canal-powers have been leased as low as $4 
for 600 to 1,000 horse-power, and $5.30 for 250 to 300. It is now 
_ proposed to furnish Buffalo with power at about $18, which now 
costs at least $50 for steam. 
Commercial Value.—Lowell, with 4,085 square miles basin, 
worth, properly reservoired, at 50 per cent. 7,112 cubic feet per 
second, actually has sold and maintained as regular powers, 139.36 
mill-powers, about 11,149 horse-power “ penstock,” and 8,363 
“shaft,” for which the rental value is about $1,200 per year per 
mill-power, or at 6 per cent., $20,000 capital, or $2,787,200. In 
addition there is a large sale of extra powers. 

Lawrence, with 4,553 square miles basin, worth about 9,000 
cubic feet per second, uses about 2,400 cubic feet (24 hours mean), 
_ and with 180 mill-powers now controlled, has maintained and sold 
122, about 7,320 horse-power “shaft,” worth at 6 per cent. capi- 
tal, $2,440,000 ; and has also sold an average of about 20 extra 
powers, about 7 months’ use, payment $1,280 (or $2,194 per 
year), or $21,336 at 6 per cent.; value $731,540 ; in all $2,866,720. 

In addition, there is a land income which makes the value of 
these powers abdut $35,000 to $40,000 each. 

Controlling 180 mill-powers of 30 cubic feet per second, or a 
mean per day of 2,700 cubic feet, with a rainfall of 15,050, it can 
actually sell 18 per cent. of this mean supply on the entire basin 
without careful flood storage. 

Anchor Ice.—In the second of the four modes of water motion, 
in which the particles move with the wave, in channel flow, 
there is a constant motion from the surface towards the bot- 
tom, proximating a cycloid curve, described by a point on the 
tire of a carriage wheel in motion. In very cold weather the 
effect is to submerge surface particles more or less below freez- 
ing temperature, and coming in contact with iron bars, valves, 
etc., a rapid accumulation of needle ice takes place when the 
stream surface near them is thus exposed ; but when the current 
for some distance is protected from the air, the temperature is 
kept above freezing, and this action prevented. One sees in the 
races, above the mills in Maine, several hundred feet of floating, 
light, wood frames, intended to promote ice formation and pre- 
vent this surface-motion exposure. 
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At Caratunk Falls, the reach above the dam freezes for two 
miles up stream, with blue ice 24 inches thick, in winter; above 
this the stream is obstructed by this anchor ice, as it is below the 
falls, with an open stream, but this ice sheet effectually prevents 
it, and this suggests a valuable remedy for a very serious trouble 
on various rivers and races. 


Note.—The Boston Sudbury River appropriation reduces the Merrimac basin 

about 78 square miles; and the Lowell and Lawrence statistics given in that 

case have been used as careful expert testimony. 


DISCUSSION. 


Mr. Wm. S. Aldrich.—The inward flow turbines of the ‘“ New 
American” type have certainly done well at Holyoke Testing 
Flume. Shortly afterward we obtained complete test sheets 
oS the makers, copies of which we believe they were per- 
mitted to use in advertising their wheels. Analyses of the 
— records of the 42-inch and 45-inch wheels were made, similar to 
_ that developed in the case of the 45-inch Hercules wheel, which 
formed the basis for determining the turbine performance in a 
‘former paper of mine, on “ Power Losses in the Transmission 
' Machinery of Central Stations.” 

Of the two “ American” wheels, the best performance was 
- shown by the 45-inch one. The maximum efficiency was at- 
tained, when the circumferential velocity of wheel was 70 per 
ry of the theoretical spouting velocity of the water, at the 
Honing gates: 0.505, 0.699, and 1.00 per cent. of the full open- 
- of the speed gate. At these gates the maximum efficiencies 
_ were respectively : 82.18 per cent, 82.58 per cent., and 79.76 per 

a  eent., as Mr. McElroy has given in his table, page 67. 
‘We then reduced the performance of the 45-inch American 
wheel to a discharge basis, rating its performance at several 


x Cree _ proportional parts of the full hydraulic horse-power, upon the 
ss unit: discharged at full gate and maximum efficiency. The whole 


ol purpose of this work was to determine at what proportional 
~ part of the full hydraulic horse-power the turbine gave its 
maximum efficiency at two selected speeds of 110 and 120 revo- 


= = 


oe lutions per minute. At the former speed this 45-inch wheel 
would do its best, with an efficiency of 84.6 per cent., when re- 
Ke = 81 per cent. of the full available hydraulic power. At 
120 revolutions per minute it would reach a maximum efficiency 
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‘input. 


of only 81.5 per cent., and this when receiving 88.5 per cent. of 
the full available hydraulic power. Of course, and in the case 


:-- of other prime movers, these curves may be plotted and the 
a efficiency be obtained on the basis of the maximum obtainable 


brake horse-power—on the maximum output, instead of the 


Rated on the basis of its maximum output, this 45-inch 


: = American wheel develops, at 110 revolutions per minute, a 
maximum efficiency of 84.6 per cent. when delivering 85.8 per 


cent. of its maximum possible horse-power at this speed. At 

120 revolutions per minute it develops a maximum efficiency of 
: «81. 5 per cent. when delivering 92 per cent. of its greatest possible 
horse- -power at that speed. 


These ratings on the turbine output basis will be found 


a especially valuable when planning the installation of electric 


as plants to be driven by turbines. The builder of the dynamo states 
the speed at which his machine must be run, and asks you what 


Sie 
7 is the maximum possible power you can ever expect to deliver 


“2 


output base. 


efficiency of the turbine at this point. 


to the dynamo. Turbines are prime movers with fixed maximum 
output, and in this respect differ from all others. With gate 
ee fully open and fixed head of water, giving maximum discharge, 
it would naturally be expected that these were the conditions for 
-maximum delivered horse-power. But that depends upon the 
Few turbines are work- 
ing at maximum efficiency when developing their full power. 


We believe the best builders to-day recognize the value of 


wheels having maximum efficiency at part gate and therefore at 


aa - some part load. Consequently, their performance must be 
analyzed and the efficiency curves plotted, for the given speed, 
on either hydraulic or brake horse-power—that is, on input or 


From these may readily be found the greatest 


possible horse-power which the turbine can deliver at the given 


This is the maximum input for the dynamo builder to 
+ 


figure upon. He has similar curves all worked out, or the data 
at hand for them, from the shop tests of all of his machines; so 
ed that the maximum horse-power which the dynamo will receive 
_ being stated, he will recommend putting in a dynamo which 
will be very largely overloaded at this point. Just what per 
— cent. overload will be advisable, however, will depend somewhat 
_ upon the so-called “load factor” of the station, which it will be 
seen is a question to be settled very largely by the conditions of 
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demand for electric power. Crompton introduced the term 


“load factor” to express the coefficient of fluctuation of rate of 


working. Unwin, in considering the influence of the variation 
of load on the efficiency of the plant, uses the load factor as the 


_ ratio of the average load during the day to the maximum load at 


any time during the day. Certainly the plant must be large 


ead enough for the maximum load. The importance of these con- 


siderations will be realized when planning turbine plants, which 
must of necessity have a certain fixed maximum delivered horse- 
power. Turbines cannot be overloaded like steam-engines, gas- 


engines, etc., using a compressible working fluid. 


A Holyoke test gives such data that from that time forward 
the performance of that particular turbine is practically known 


_ for any given set of conditions. So accurately has the work 


 gome to be executed that the turbine is thenceforward its own 


water meter and dynamometer. But it will not enable one to 


predict the performance of another turbine made on exactly the 
same lines but another size. In the case of this 42-inch Ameri- 
can turbine the plotted curves showed some erratic wanderings, 
compared with the 45-inch wheel. Still, for another 45-inch 
wheel, from the same patterns, the results would be found in 
very close agreement with the former test. In other words, 
each size and type of wheel should be tested at Holyoke, but 
not necessarily each wheel of the same size and type. It is best 
to guarantee the performance of turbine plants from actual tests 
of the turbines to be installed. 

Mr. Charles T. Main.—I should like to correct some state- 
ments in connection with the ‘Central Pacific,” mills now and 
for about fourteen years past known as the “Lower Pacific.” 
What Mr. McElroy has said with reference to this mill is very 
ancient history. It refers to conditions existing over twenty 
years ago; atall events it must date back of 1875, for at this time 
the rate of $12 per mill-power a day was abolished, and at that 
time the mill did not possess an economical and adequate steam- 
plant. 

After the rate of $12 per day a mill-power was abolished, the 
rates for surplus water in Lawrence were $4 a day a mill-power 
for 20 per cent. surplus, $8 between 20 per cent. and 50 per cent., 
and $4 over 50 per cent. In 1894 the rates were changed again 
to $4 a day up to 50 per cent. surplus and $3 for all over 50 per 
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The lowering of rates speaks for itself. There was a reason 
for it, and the reason was simply that to meet present costs of 
ms "steam. -power it became necessary to make the reductions. The 

a | power owned by the mills has been paid for in part, but there 
_ is a perpetual rental which is supposed to amount to about $300 

__ per year a mill-power or about $1 a day a mill-power. 
pee _ The mills own eleven mill-powers or about 660 horse-power. 
__ The three water-wheels installed in 1883 will develop about 1,900 
eae horse-power under twenty-eight feet head and in times of back- 
ses _ water much less. Two wheels only are run during ordinary stages 
of the river, the third being in reserve for back-water. The 
__-present engine was installed in 1885 as a cross compound, with 
two eylinders with a nominal horse-power of 1,200. It was so 
designed that if future additions or changes should require 
more power, it could be made into a pair of tandem engines 
_ of 2,400 nominal horse-power. These two cylinders were added 

in 1891. 

The total power required to run the mill is about 2,200 horse- 
power, showing that the engine must run, and it has run every 
day since its erection, and the amount of power which it devel- 
ops is all that is required in excess of about 700 horse-power 

_ which is produced by the wheels. That it is cheaper in this 
_ particular case to run by steam-power than to pay the charges 
for surplus water I know from actual tests covering several 

weeks, ascertaining the costs under each set of conditions. 
__This is the more recent history of the use of steam and water- 
power at the Lower Pacific Mills. If any mill manager in 

Lowell thought to-day that his steam-power was costing him 

$75 a year a horse-power there would commence immediately an 
investigation to find out the cause. With compound condensing 
engine of 1,000 horse-power or thereabout and coal at $4.50 a 
ton, there is no good reason why the total cost of steam-power in 
mill-work per horse-power per year should exceed $25 for a fifty- 
eight to sixty hours aweek run. The charges for small amounts 
of power produced or rented are no measure of the cost of the 
production of power in large amounts. 

It may be possible that a power a long way off from the coal- 
fields may have great value for a special purpose, such as grind- 
ing pulp, where the raw material is at hand ; but when its market 
value for other purposes is determined, it must be in comparison 
with the cost of power at some other equally good location for 
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a carrying on business where coal will not cost $6 a ton, but very 
much less. 

Mr. M. P. Wood.—Mr. McElroy states that the cost of the 
Buffalo Steam-Power is $50 per year. This, I have seen detailed 
elsewhere, is for small plants under 500 horse-power, and is 

For large plants, 1,000 or over horse- 
power, the cost would be less; say $40 at the most. Good 
- steam coal at Buffalo is rated at $1.50 per long ton in the report 

1 Ihave. I think Mr. Manning, agent of "4 Amoskeag Works, 


estimates his power in 1,000 Scsbceidaie units, for the same 

- 10!-hour duty would show a different result. In no estimates 

: of the cost of steam-power have I ever seen any allowances for 

7 the cost of water, and the removal of the ashes included. To 
ae . show how important these two items are in any estimate of the 
cost of power, I cite two cases in large manufactories at Scranton, 


Pa. (Cassier’s Magazine, Industrial Supplement, p. vi. Nov., 
1895.) 


$2.52 
0.95 


$3.47 


A fair estimate of the cost of these two items for compound 
condensing engines, and good boiler duty, is at least $2 per 
horse-power per year, and is as much a cost of the yearly cost 
of steam-power as the cost of the coal. 

Mr. Samuel McElroy.*—In reply to discussion points, it may 

be said, as to turbines, that analysis does not sustain the 
extravagant “table” duties sometimes advertised; and the 
reception, use, and -delivery of water may each, if defective, 
reduce duty. Performance depends on weight of water applied ; 
losses by friction, waste, and contraction of penstock, gates, 
wheel, or outlets ; perfection of forms, materials, and workman- 
ship ; reduction of discharge velocity by absorption of power ; 
and free tail race, or discharge outlet. 

Weisbach makes the minimum of these losses 17 per cent. 
(overshot) ; Trowbridge, 16 per cent. (turbines). 

As between the Fourneyron “ outward flow,” Jonval “ parallel 
flow,” or American, Swaine, etc. “centre-vent,” the first have 
been less effective on “part gate,” in a case where the concen- 


* Author’s closure, under the Rules. 
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trated and continuous line of water motion is an important 
principle of economy. ae 
As to the notes used for Lowell and Lawrence, referred to by _ 
Mr. Main, government reports, so recent as 1885, do not show eo ; 
d development of power; and a t, naturally, 
any increase p power ; and an expert, ae 
in quoting estimates, will prefer to use carefully prepared, 4 : 
sworn testimony of selected witnesses, as was the case in the © 
“Sudbury ” appropriation for Boston. 
As to the “Central Pacific” mill, so prominent a local 
authority as H. F. Mills, C. E. (p. 73), says: “This conclusion ~ 
I did arrive at, that it was better for the mills (not one alone) to 
pay $12 per mill-power per day than to start their engines,” 
and he, afterwards, gives that special case as occurring “ months 
together.” Where I took the rate at $4.32 for that date, Mr. 
Main gives it for 1894, at $4 (up to 50 per cent. surplus). | 
The same authority takes the cost of coal there at $7 per ton; 
F. W. Bacon (p. 250) makes coal at Caxonville $8 per ton. 
As to the cost and operation of steam-plant, estimating at the __ 
great factory and coal centre of New York, an expert like Dr. he 
Charles E. Emery, A. I. E. E., March, 1893, puts the cost of about 
550 horse-power engines, high speed condensing, $54.71 per 
net horse-power ; low speed, $59.51; compound low, $60.35; — 
triple compound, $68 to $73; and the operation, respectively 
365 days, 20 ‘hours, coal $5, at $66.55, $62.21, $57.35, $52.38, 
and $50.56. 
I preferred to use a more conservative estimate, since the 
viguerend economy of water-power, per se, is a principle of very 
“ancient history.” 
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hs RECORDING DEVICE FOR TESTING MACHINES. 


a. ee { (Janior Member of the Society.) 


ys oe In Figs. 8, 9, and 10, accompanying this paper, are shown views 
of an autographic recording device attached to a 50,000 pound 
Olsen testing machine. Fig. 8 shows the instrument arranged 
for obtaining a record of either a transverse test or a punching 


test, or any other test in which the movement of the movable 


head of the testing machine may be taken without gross error as 
equal to the deformation of the test piece. A is a drum about 
6 inches in diameter and 7 inches long, hollow, and supported on - 
pivot bearings so as to rotate truly about its geometrical axis. 
The pivots are supported in the frame 4, shaped from sheet steel, 
and bolted to the frame of the testing machine as shown. This 
frame B also serves to support a rod C, upon which slides freely 
the pencil carriage D, from which projects the pencil arm £, in 


* Presented at the New York meeting (December, 1895) of the American 
Society of Mechanical Engineers, and forming part of Volume XVII. of the 
Transactions. 
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the end of which is the pencil point / The rod Cis parallel to 
the axis of the drum. Consequently the motion of the pencil is 
parallel to the axis of the drum. The motion of the pencil is 
obtained from the lever G, which is a simple multiplying lever, 
its ratio of multiplication depending upon the location of a knife 
edge fulcrum, not shown in Fig. 8, placed between the moving 
head of the testing machine, and the point of attachment to G 


of the cord H, which passes over a oui: ite J and another 
guide pulley on the frame #, not shown, and provided with a 
weight X to maintain the cord taut. This cord passes through 
aclamp on the pencil carriage, thus giving to the carriage the 
motion of the end of the lever G. The motion of the drum A 
is obtained from the scale beam JZ of the testing machine, the 
poise of which is set at zero, by means of a wire I fastened to 
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the end of Z, which drops vertically from its point of attachment 
to Z and passes around and is fastened to a grooved pulley con- 
centric with the axis of the drum, and rigid in relation to the 
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Fig. 11. 


drum. Secured to the end of the drum by its axis and a thumb, 
eats ’ screw JV is a cam 0, having in its edge a groove to receive a wire 


;w P carrying a weight @. The shape of this cam is such that the 
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angular motion of the drum is exactly proportional to the motion 
of the end of the scale-beam Z between its stops, the assumption 
being made that the leverage of the testing machine is constant 
during the small arc of vibration of the scale-beam. The weight 
RF is attached by means of the cord S to a small grooved pulley 
upon the axis of the drum and serves to balance the weight Q. 
The drum 4 is provided with clips for holding the paper, as 
shown. Although the cam was laid out with very great care, 
it was deemed best to calibrate the device, and this was done as 
follows: A piece of wrought iron of such size that it could not 
be strained beyond its elastic limit by the full power of the test- 


“16 
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ing machine was placed in the testing machine and fitted with 
micro-electric extensometers as if for taking observations within 
the elastic limit in a standard tension test. A series of observa- 
tions of loads and extensions was then taken very carefully, the 
recording device being detached. A curve plotted from these 
observations is shown in Fig. 11. Then the recording device was 
attached, the poise of the machine was set at zero, and the same 
test piece was again stretched slowly and by such increments as 
to give as nearly as possible for each such increment a motion of 
one-quarter inch to the paper on the drum, the pencil being drawn 
by hand for each such increment, and corresponding micrometer 
readings being taken. The curve plotted from these observations 
is shown in Fig. 11; from these two curves a third is easily pro- 
duced, showing the relation between loads and the ordinates on 
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the paper. The weights # and Q, in use at present, give a dia- 
gram about 5 inches high for the full capacity of the machine. 
For lighter work, smaller weights # and Q could be used to 
advantage. Fig. 10 shows the method employed in getting auto- 
graphic records of tension tests. The elongations are multiplied 
by two as the apparatus is now arranged. A greater degree of 
magnification necessitates a longer drum. Fig. 12 shows a series 
of diagrams obtained by putting a three-quarter inch spiral punch 
through plates of wrought iron, ranging - ee from ¢ one- 
eighth inch to eleven-sixteenths inch. 
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OF A TEN-HORSE-POWER DE LAVAL ee 
TURBINE. 


a. ‘Te GOSS, LAFAYETTE, IND. 10 
(Member of the Society.) dott: ald 


THE de Laval steam turbine experimented upon constitutes a 

part of the permanent equipment of the Engineering Laboratory 

_ of Purdue University, and the present paper is based upon data 

ee secured chiefly through the assistance of Charles E. Bruff, 


In the de Laval steam turbine, jets of steam, delivered from 
suitable nozzles, are made to impinge against the buckets of a 
light turbine wheel. The steam enters the buckets from one side 

of the wheel, and passing through, is discharged or “ exhausted ” 
_ from the opposite side. The arrangement of nozzle and wheel is 
_ shown by Fig. 13. The motion of the turbine shaft, which, under 
the action of the jets, is extremely rapid, is communicated by 
7 _ to a heavier and slower-moving driving shaft carrying a 
_ fly-wheel of small diameter; from this wheel the power of the 
‘ : engine is delivered. Regulation of speed is secured by means of 
=i throttling governor, which controls the pressure of the steam 
_ admitted to the nozzles. 
The important moving parts, with approximate dimensions, are 
shown by Fig. 14. The turbine wheel is built up of sixty-three 
_ steel segments, each carrying a bucket and a portion of the 
Tight outside rim. The segments are held in place by means of 
suitable collars, which grip them on either side. The wheel is 


* Presented at the New York meeting (December, 1895) of the American 
Society of Mechanical Engineers, and forming part of Volume XVII. of the 
Transactions. 

+ ‘‘ Tests of a Ten-Horse- ‘Power de Laval Steam Turbine,” a thesis by Charles 
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mounted upon a long, slender shaft, having sufficient flexibility to 
allow the system at speed to revolve about its centre of gravity, 
even though this may not agree with the geometrical axis of the 
shaft. The gear upon the turbine shaft is of steel, solid with the 
shaft ; that upon the drive shaft has its teeth formed in a bronze 
ring, which is carried by a solid iron centre. The smaller gear 
has twenty-one teeth, the larger one two hundred and eight teeth, 
giving a ratio of 1 to 9.90476. 

The shafts run in bronze boxes completely lined with babbitt 
or other soft metal. To assist in the distribution of oil a spiral 


ee curve, the pitch of which is about half the diameter of the jour- 
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nal, is cut into the metal of the bearing. The outboard bearing 
on the turbine shaft is closed at the end, and a small pipe runs 
from the closed end to a point over the gears. The pumping 
action, resulting from the presence of the spiral oil-way, gives a 
constant, though small, supply of oil upon the gears. The gears 
do not dip in oil, though the case which encloses them receives 
drainage from all the bearings. 

The governor is connected with the driving shaft, of which, at 
first sight, it appears to be but an extension. It is shown in 
detail in Fig. 14. The weights, WW, with their arms, CC, are in 
the form of a split cylindrical cup. Upon the outside and at 
the base of each weight a knife edge, HH, is formed, which bears 
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_ upon @ suitable surface in the governor frame, AA. A spiral 
Bak cs spring is fitted at its inner end with two projecting pins, which 
ore bear upon the arms, CC, of the governor weights. The outer end 
= of the spring is connected with the frame by the threaded plug D. 

_ ce When the governor is at rest the concave surfaces of the weights 
: 3 are in contact with the frame, and the tension of. the spring 
—_ _ keeps the knife edges upon their seat. When the governor is 
revolving at speed the weights are under centrifugal action and 

move outward, swinging upon their knife edges, against the resist- 
ance of the spring. The motion of the weights is taken up by the 
pin /, by which it is communicated, through suitable mechanism 
(not shown), to the governor valve above the engine. 

The nozzles which serve to deliver steam to the wheel are four 
in number, and are so fixed in the frame of the engine as to act 
poten the turbine wheel at points which are equally distant from 

aes — other. Two of the four are provided with stop-cocks, which, 
| = closed, put out of action the nozzles with which they are 

- gonnected. By means of the stop-cocks, therefore, the engine 

may be run under the action of two, three, or four nozzles, at the 
will of the engineer. 
: The distinguishing feature of the engine, perhaps, is to be 
found in the form of the nozzles. All are diverging, the throat 
or smallest diameter being approximately 2 inches from the dis- 
charge end. Three have a diameter in the throat of 0.138 inch, 
vagy and one a diameter of 0.157 inch. 
oa It is assumed that the form of the nozzles is such that the 
pressure of the steam as it passes from the orifice will be that of 

_ the surrounding medium, and, since the flow is nearly adiabatic, 

it is clear that if this condition i is realized all the energy of pres- 

gure is transformed into energy of motion before the steam is 
é > allowed to impinge upon the buckets of the turbine wheel. The 

_ medium surrounding the nozzles in the machine is practically 

ee that of the exhaust, so that the expansion from the pressure of 

_ the boiler to that of the exhaust is complete before the steam has 
ae contact with any moving part of the machine. 

Lateral motion of the driving shaft is limited by contact 
_ between the large gear and the bearings on either side. With 

a Y this shaft fixed, the double spiral of the gears makes lateral 
motion of the shaft impossible. All forces, therefore, 
= to displace the turbine wheel laterally are transferred to 
_ the slow-moving shaft, where ample rubbing surfaces can be pro- 
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; vided without seriously impairing the efficiency of the machine 
through frictional losses—a happy solution of an otherwise diffi- 
- gult problem. When it is remembered that the parts shown 
_ (Fig. 14) are those of a machine capable of developing 10 horse- 


ey 2,400 ‘revolutions a minute and the turbine shaft practically 
+ ‘ > en times as many, the opportunity for the display of good de- 
sign and workmanship may be better appreciated. Viewed 
as a piece of mechanism, the engine tested appears to merit 
au high commendation, both as to design and workmanship, but 
ae the service which has thus far been obtained from it is not 
sufficient to show the effect of long-continued use, 


Il.—THE TESTS. 


Arrangements for Testing.—Fig. 15, from a photograph, shows 
_ the engine with its auxiliary apparatus. The power of the 
Pag) engine was absorbed by a Prony brake, cooled by constant 
ae streams of water. The exhaust steam was piped to a Wheeler 
_ condenser, open to the atmosphere. The water resulting from 
condensation was drained into tin buckets, which were changed 
7s and weighed at regular intervals. 
_ Gauges were used to show the steam pressure both above and 
_ below the governor throttle, the former giving the pressure avail- 
able at the engine, and the latter the pressure under which, in 
- eonsequence of the action of the governor, the steam was admit- 
- ted to the nozzles. A manometer was also attached to the 
exhaust pipe, but as this pipe is large (8 inches diameter) and 
_ the connection with the condenser close, the observed pressure 
was never appreciably different from that of the atmosphere. 
Conditions and Results—The boiler pressure for all efficiency 
tests was 130 pounds by gauge, for which pressure the particu- 
lar nozzles used were designed. The rated speed of the fly- 
__ wheel is 2,400 revolutions per minute (23,771 for turbine wheel), 
but this standard was not maintained for all the tests. The 
ioe _ governor was adjusted several times as the work progressed, and 
it was not until several tests had been run that the proper speed 
was secured. It is believed, however, that the differences of 
5 ‘i speed recorded do not materially affect the value of results for 
purposes of comparison. 


AR A TEN-HORSE-POWER ME TAWAY. QF 
a9 
. y shes 
4 
: 
x 
= 
i 
a 
4 
* 
4 
a1 
= 
; 
Lae 
. 


The tests are grouped into three series, the first including 
those for which all four nozzles were in action, the second those 
with three, and the third with two. The several tests in each 
series were intended to vary from each other only in amount of 
power delivered from the wheel. All tests were of thirty minutes’ 
duration, and all observations were taken at five-minute intervals, 


The ‘conditions of each test were wwe with _ uniform- 
ity that the observations of any five-minute interval were very 
nearly identical with the average of all observations taken for the 
test. 


The observed and calculated results appear in tabulated form 
herewith (Table L.): 
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TABLE I. 


A SumMARY oF RESULTS OF TESTS. 


ke 


w & 


Steam Pres- | Se |g 3 
s | |SURESBYGAUGE) 25 © 
les | Bs Cees 
Ai fa 
{ 
1 | 2188 | 0.00; 130 | 17.1 | 120.8 
2 | 2545 | 1.63] 180 42.2 | 210.3/128. 
3 | 2088 | 2.36| 130 | 48.5 | 230.8] 998 
four nozzles in action, three 4 | 2118 | 2.97) 180 | 55.6 (254.6) 86.7 
having a diameter in throat 5 | 1917 | 3.46; 180 | 61.9 (275.5) 7196 
0.188 inch and one a diam- 6 | 2072 | 4.38| 180 | 70.8 |313.0) 71.6 
in throat of 0.157 inch. 7 | 2128 | 6.10) 130 | 76.9 | 828.5) 64.4 
9 | 2453 | 8.24| 130 [104.4 | 422.8| 61.3 
j J | 10 | 2411 |10.33| 180 /126.3 |491.8| 478 
Three nozzles in action,twohav-) | 11 | 2584 | 0.00) 130 | 31.3 | 121.4|..... 
ae ing a diameter in throat of || 12 | 2112 | 3.95| 180 | 88.6 | 267.8| 67.8 
0.128 inch and one adiameter {| 13 | 2125 | 4.77) 130 | 93.4 | 286.0) 60.0 
in throat of 0.157 inch. 14 | 2490 | 6.50| 130 |111.7 | 346.3| 53.3 
“two noasles in action, cach} | 15 | 3548 | 0.00} 180 | 49.2 | 99.8)... 
having a diameter in ‘throat 
0.138 inch 17 | 1909 | 3.43} 180 |121.1 | 222.9) 65.0 
18 | 2412 | 3.87] 180 |127.0 | 229.6| 59.3 


— developing a little more than its rated power, the steam 
_ consumption per horse-power per hour is as low as 47.8 pounds. 
i. a comparing this result with results obtained from other engines, 


me oe the small size of the en 


action. 


‘ Jodebc, Fig. 16. 


gine tested (10 horse-power) should be 
_ kept in mind, and also the fact that the rate of consumption 
_ stated is based upon brake- -power. 
falls off rapidly as the load is decreased, and, as would be 
expected, the effect is most marked when all the nozzles are in 
This may best be seen by means of the three heavy- 
me Timed curves given in Fig. 16. Assuming the nozzles to be cut out 
awe of action one at a time, as soon as the reduction of load becomes 
ne sufficient to permit the work to be done witheut them, the mini- 
ace num steam consumption at different loads, for the boiler pres- 
sure and speed employed, is represented by the broken line 
of four nozzles, an infi- 


Again, if, instead 


The efficiency of the engine 


It will be seen that, with all four nozzles in action, and with the 
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nite number could be employed, and if the governor could be 
arranged so as to regulate the number in action, rather than the 
pressure admitted to them, the steam consumption of the engine 
in question might be made to follow a line somewhat similar to 
the light broken line gec. But the heavy lines indicate the 

results which were actually obtained. 

‘The engine requires very little attention and is almost noiseless 
in action. The governor is quick to act. and its speed regulation 


Steam per Brake |Horse-Power per| Hour 


Brake -Powe 
4 5 6 q 
Fie. 16. mie 


ut 


appears to be fair, except when changes of load are large and 
suddenly made. After such a change, the engine requires a little 
time before settling down to steady running under the new 
conditions. 

Starting-Power.—As the speed of the de Laval engine is high, 
it is evident that the force in action must be comparatively low. 
To determine the maximum resistance under which the engine 
might be expected to start, the brake was clamped upon the fly- 
wheel so that the latter could not turn within it. Steam was then 
admitted to the engine, and readings were taken from the scale 
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under the brake arm. The result of this process, of course, en 
depends upon the steam pressure and the number of nozzles i in oy 


action. With all nozzles, and with a steam pressure of about 
125 pounds by gauge, the maximum starting-power is equal to a 
force of 30 pounds acting at a radius of one foot. The following 
tabulated data (Table IT.) gives the starting-power for different 
pressures, and when two, thrée, or four nozzles are in action. 


TABLE II. 


STARTING-POWER OF ENGINE. 


Four Nozzles in| Three Nozzles | Two Nozzi 

Steam pressure by gauge............ 125.2 | 71.1 | 125.2) 71.1 | 125.2| 71.1 

Effective radius of brake arm, feet...) 1.5] 1.5 1.5| 1.5 1.5] 1.5 

Reading of scale under brake arm, lbs.| 20.0| 12.1 | 141)| 9.0 9.5) 6.0 

Equivalent force in pounds, acting ata 

radius of one 30.0; 18.2 | 21.2| 18.5 | 148) 9.0 
DISCUSSION. 


Mr. William S. Aldrich.—These tests, we believe, are the first — 
which have been made on this steam turbine in this country. 
They have certainly been made with great care ; and, when the | 
size of the machine is considered, the results compare favorably 

_ with those which have been obtained by Prof. I. E. Cederblom, 

of the Polytechnic College, at Stockholm, Sweden. The latter 
from 108 to 122 pounds, gauge pressure, steam condensed by a 

oa Korting ejector condenser maintaining a vacuum of about twenty- 
six inches of mercury, and developing an average of 63.7 brake 

-horse-power, with a steam consumption of 19.73 pounds per 

. Gesu horse-power per hour. This performance, when the tur- 

bine was developing over 25 per cent. of its rated load, will be 

seen to be at a more favorable point than the rated capacity, 
an inspection of the curve given in Professor Goss’s paper. 

_ In other words, successively overloading the turbine results in 

a regularly decreasing steam consumption. This is a very im- 

portant point and contrary to the case of an ordinary steam 

engine, in which Willan’s law is known to have its exceptions, 
even at constant speed. 

The total steam consumption, per hour, we have carefully 


were from a 50 horse-power de Laval steam turbine, working © 
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plotted on the same base, of the brake horse-power, as given in 
Fig. 15. All of the plotted points fall so near a straight line 
that one is inevitably drawn into making the conclusion that the 
divergences above and below the straight line can be accounted 
for as errors of observation. We have taken the points for the 
run with four nozzles. The range of values in the other cases is 
not sufficient. We believe that this series of values given by 
Professor Goss furnishes the first graded determination of the 
performance of a steam turbine by which we are enabled to pre- 
dict its fulfilment of Willan’s law. That is to say, the curve of 
steam consumption, for the run with four nozzles, as plotted in 
Fig. 15, is practically an equilateral hyperbola. 

It is not well to be hasty in drawing conclusions, especially 
from the first of a series of values. But, if we mistake not, the 
law will hold good for any steam turbine if it will hold good for 
this one. They have the one characteristic in common of using 
the working fluid continuously, and not intermittently, as in the 
ordinary steam engine. We think it therefore not illogical to 
paraphrase Willan’s law, and say that, in the case of a steam 
turbine at a constant speed, the total weight in pounds of 
steam used per hour is given by a linear equation of the form, 

w = a+bx brake horse-power. 

The constants a and 6 may be determined from any two runs 
of the series. We are aware that Willan’s law is usually applied 
to the indicated horse-power ; but this would only change the 
nature of the constants, in almost all cases of the ordinary steam 
engine, and cannot be applied in case of the steam turbine till 
we have some way of obtaining the indicated horse-power. 

Noting Fig. 15 again, it will be seen that, for the case of the 
present turbine, of 10 horse-power rated capacity, the base may 
readily be converted into “ per cent. brake horse-power.” Steam 
consumption curves, plotted on this base, are well known to 
show the inherent rapidity of increase of steam consumption, at 
light loads. So that we are obliged to look at the light-load end 
of the curves to the disadvantage, apparently, of the turbine, 
because we cannot plot the same on the usual “ per cent. indi- 
cated horse-power” base. Still its showing is not at all dis- 
creditable. It shows clearly that the increase of steam con- 
sumption per horse-power at light loads is much less than with 
ordinary steam engines, a feature which has previously been 
pointed out in connection with Ewing’s tests of Parsons’s steam 
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farbine. This is not so very remarkable as it may appear, when 
- _ we consider the regulation, by throttling, and the practical uni- 
ay formity of the rate of flow of steam for the usual range of work- 
ing pressures. 

The flow of steam, as may be seen by examining Table L, is in 

close agreement with what_is known as Napier’s approximate 

ne i formula; that is, that the weight of steam discharged from an 
orifice or tube, per second, is approximately equal to the area of 
- the orifice in square inches, multiplied by the absolute pressure 
~per square inch of the higher pressure, when discharging into 
- a@ lower pressure, less than three-fifths of the higher. It is to 
be noted, also, that the difference of pressures was increased, 
in these tests, by raising the higher. The results agree with 
boiler practice, in which the flow increases into the atmosphere 
as the pressure in the boiler is increased. But the area of dis- 


q charge orifice is not that which should be taken from the diam- 


nozzles. Where to take this section still remains to be deter- 
mined. What we wished to point out, however, was that in the 
ease of a steam turbine it is its own meter of steam consump- 
7 tion, so to speak, as soon as we have recorded its performance 
_ through a range of values such as Professor Goss has here given 
us for the De Laval turbine. 
_ The steam turbine which has been tested like this one be- 
comes its own dynamometer also. For we may standardize it 
_ at constant speeds by such a test as this, determine the constant 
| ‘ which it is necessary to use in connection with Napier’ s formula, 
_ thence determine the total steam used, under the given speed 
_ conditions and absolute pressure, from which we may determine 
_ the brake horse-power by the application of Willan’s law. In 
| _ short, after such a test as this, we are enabled to determine the 
~ brake horse-power from the reading of the steam gauge below 
_ the governor valve, and a tachometer on the shaft. At constant 
speed the record of a recording steam gauge, if integrated, 
would give the average for variable loads. 
j We should like to know the quality of the steam in all of this 
' series of tests, however. No separator was used in these tests, 
nor calorimeter to determine quality of steam after passing 
separator and before entering nozzles. Will not the entrained 
__-water and that due to condensation during the assumed adia- ; 
_ batic expansion have the same effect as in a water turbine ? a 
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A series of runs, also, 
at regularly varied 
speeds, with other con- 
ditions constant, would 
give valuable data for 
further analysis of this 
interesting steam tur- 
bine. 

This form of the tur- 
bine, that of the axial jet 
type, has been pointed 
out by Weisbach as hav- 
ing considerable loss due 
to the oblique impact of 
the stream line, in case 
of water. We believe the 
tangential type, similar 
to the Pelton wheel, will 
be finally adopted for 
this work. The form of 
nozzle must evidently be 
changed, to give a solid 
stream line for the issuing 
steam; this form has 
already been shown by 
Mr. Strickland L. Kneass, 
in his studies of the in- 
jector. The same is given 
by him in discussing Pro- 
fessor Webb’s Paper: 
“ Performance of a Steam 
Reaction Wheel.” * If we 
accept the analogy be- 
tween the steam turbine 
and water turbine, which 
Professor Webb has also 
pointed out in another 
former paper, “‘ Note on 
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Maison Breguet, Constructor, Paris. 


Fria. 17.—800 Horse-power De Laval Steam Turbine. 


* Transactions A. S. M. #., 
NOTE CO.,N.Y. vol. xii., p. 897. 
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the theoretical horse-power, from the equivalent gravity head of 
the weight of steam discharged, by Napier’s rule. Though we 
~ must proceed with care in use of hydraulic analogies ; for steam 
does not, like water, flow from an orifice with a velocity due to 

its gravity head. 
Mr. J. W. Lieb, Jr.—tit may be of interest to the members to 
learn that in a few weeks the Edison Electric Illuminating Com- 
_ pany of New York will have in operation at one of its stations 
two 300 horse-power de Laval steam turbines with attached 
_ dynamos (Fig. 17). These turbines were built by the Maison 
a, Breguet, Paris, and are now on their way to this port. They 
__were ordered under guarantee to comply with the following 

specifications : 


a Each 300 horse-power turbine is to drive two Desroziers 
_ dynamos, each of 100 kilowatts (133 horse-power) capacity. 
--'The turbine shaft is to run at 13,000 revolutions, driving at a 
speed of 1,300 revolutions, by means of helical gearing, two 
: Ms dynamo shafts situated on either side of the turbine shaft. 
. a Each dynamo is to be capable of generating continuously with- 
ae, out undue heating 770 amperes at 130 volts, or 625 amperes at 
ia 160 volts. If the turbines are built to be operated either con- 
_ densing or non-condensing, as a mongrel type, with a steam 
pressure of 10 kilos per square centimeter (142 pounds per 
square inch) at the throttle, and with a vacuum of 65 centimeters 
_ at the condenser, the steam consumption per brake horse-power 
is guaranteed not to exceed 84 kilos (18.7 pounds); with a free 
exhaust the steam consumption is not to exceed 16 kilos (35.2 
pounds). If it should be contemplated to operate the turbines 
_ ordinarily with a condenser, the guaranteed steam consumption 
will be reduced to 74 kilos (16.5 pounds) per brake horse- 
oe power. In this case the turbine disk would have a diameter 
of 0.75 meter (29 inches), instead of 0.50 meter (19 inches) for 
mongrel type. 
We hope at some future time to present to the Society for 
discussion the results of the test we shall make on these units 
_ under various conditions of*load and steam pressure. The 
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principal dimensions of the unit will appear ae 4 
panying general plan drawn to a scale The general plan of a 
600 horse-power Parsons turbine, as proposed to the New York me Se 
* Transactions A. 8. M. E., vol. xii., p. 888, 
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By C. A. Parsons, Newcastle. 


Fie. 18.—600 Horse-power Parsons Turbine. 
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TESTS OF A TEN-HORSE-POWER DE LAVAL STEAM TURBINE. 


Illuminating Company by C. A. Parsons & Co., of Newcastle-on- | 
Tyne, is also submitted (Fig. 18). 


dtrnction of one nal these snhdngn of such large power as three — 
hundred horse are not different, I believe, from those governing ae et 
the construction of the little machine tested by Professor Goss, a She 3 : 
so far as economy in operation is concerned; that is, the case aE ee 
should be different from that of the reciprocating steam engine, a 1 
in which, from purely geometrical considerations, the small 
engine will inevitably be less economical of steam than the larger i met 
engine. Though I am not informed about this, yet I suppose — ian 
the speed of the buckets is the same for any size of turbine. 5 a. 
At any rate, if I am correct in my premise that large turbines — oe eee 
are no more economical than small ones, then it seems as if — eins <7 
Professor Goss’s experiments give but small promise of the ful- 
filment of the guarantee of nineteen pounds made to the Edison 
company by the foreign builders. 

Possibly the investment in de Laval steam turbines may be 
justified if their use is confined to carrying the heaviest portions _ 
of the total load during the usually short periods when the BS 
station is called upon to put forth its utmost energy; but I do si 


not suppose that tH® advantage is so on average run- 2 
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ie ON THE FRICTION OF SCREWS. — 


Wrrutn the past three years the writer has made several hundred 
experiments on the friction of metallic screw-threads under the 
conditions of very slow motion, free lubrication, and pressures 
varying from zero to 14,000 pounds per square inch of bearing 
surface. 

The results sought were the minimum and the mean coefficients 
of friction under these conditions. No attempt was made to find a 
maximum coeflicient ; this would require trials without lubricants, 
and with rough surfaces. The maxima obtained under the given 
conditions were noted, however. 

The tests were made upon a set of square-threaded screws and 
nuts of the following dimensions : ; 


Outside diameter of screw.......... 1.426 inch 
4 


Deptb of nut “ (effective) 


This depth of nut makes the area of thread approximately one 
square inch, so that the total axial load on the screw is also the 
pressure per square inch on the thread surface. 

The nuts fit the screws very loosely, so that all friction is ex- 
cluded, except that on the faces of the threads directly supporting 
the load. The threads were cut carefully in the lathe, and had 
been worn to good condition by trials previous to those here 
recorded. Screw No. 5 was not quite so smooth as the others. 

The machine used for the experiments was designed for the pur- 
pose. It was built in the New Hampshire College shops in 1891-92, 


* Presented at the New York meeting (December, 1895) of the American 
Society of Mechanical Engineers, and forming part of Volume XVII, of the 
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j. piche materials in torsion and in compression. The aa changes 
involved in its several uses are in the loose jaws receiving the 
test pieces. The machine is shown in front view in Fig. 19, in 


19. 


The construction of the machine is clearly shown in the section. 
‘The gearing at the left serves to turn the test screw, the thrust 
* _ being received by the ball bearing. The nut is carried by the 
"pendulum, co-axial with its hardened steel spindle, which turns 

and moves enawise freely in its ball bearing. The moment re- 
as quired to turn the nut is indicated by the amount by which the 
_ pendulum swings out from the vertical as the screw is turned. 

_ The thrust of the nut is transmitted through the spindle of the 
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and now forms part of the laboratory equipment of the college. on * 
which the pendulum is swung forward about 45 degrees, and in a . 2 
section (upper part only) in Fig. 20. 
| 
4 
ule a 
‘3 


pendulum to the trunk piston in the heavy cylinder, the oil con- 
fined behind the piston forming a frictionless thrust bearing, upon 
which the piston turns with the spindie, while the rise of the pen- 
cil of the indicator shows the total pressure on the piston, which 
is the load on the screw. (In the section, the piston is at the ex. 
treme right of its J-inch motion.) The piston is close-fitting, with- 
out packing of any kind, and its motion i is practically frictionless 


Thompson Indicator 
Special Piston Diameter 


Stop Ri 
for Piston 


Slider-Vertical Rise Proportional 
to Moment of Pendulum 


Traverse Gear Driving 
Nuts on Side Bolts 


Rear 
Cross Head 


{ 


from Cyl. 


TORSION-COMPRESSION TESTING 
MACHINE 
VERTICAL AXIAL SECTION 


Hand Relief Valve 


Maximum Compressive Force 20,000 Pounds. 
Maximum Moment 10,000 Inch Pounds 
AM.BANK NOTE CO. N.Y. 


at slow speeds. Thus the swing of the pendulum is that due to 
the action at the threads of the test screw, and that only, to a 
reasonable degree of exactness. 

The thrust is ultimately taken up by tension in the long side 
bolts passing through the front and rear crossheads. The cylin- 
der, with its attached parts, slides along these bolts to adjust for 
different lengths of test pieces, the motion being obtained by 
means of the geared nuts back of the rear crosshead. 
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An autographie record of each test is obtained by means of the ae 
indicator. As the screw is turned, setting up pressure in the oilin _ 
the cylinder, the pencil rises an amount proportional to the pres- 
sure. At the same time, as the pendulum swings out, a pin at its _ cS ee 
back lifts the slider above it a distance propprtional to the moment > ute 
of the pendulum, and by the wire this motion is transmitted to the a 
drum of the indicator. Thus any point on the line traced by the 
pencil indicates, by its ordinate, the pressure on the screw, and by 
its abscissa the moment required to turn the nut under that‘load. 
The hand-pump serves to replace the oil from the front to the back 
side of the piston, past which the oil gradually leaks under pres- 
sure. When the machine is used for simple compression tests, 


the pump is used to apply the pressure. ‘<a 
The screws and nuts used in the test were as follows: 7 ng a 
Nuts. 4 


Four sets of tise were made with lubricants and pressures, an 


— 


No. or Ser. LUBRICANT. Maximum Loan. 


1 Heavy Machinery Oi].... ..... PLUS. 14,000 lbs. 
3 Heavy Machinery Oil and Graphite, in equal volumes...| 14,000 


The “ Heavy Machinery Oil” was a purely mineral oil of spe- 
cific gravity .912. The “ Winter Lard Oil” had a specific gravity 
. of 919. 


In each set of tests, screw No. 1 was tested with nuts Nos. 6, 7, 
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8, and 9, successively ; then screw No. 2, with the same nuts, in 
the same order, and soon. In the first set eight cards were taken 
from each pair; but as the mean of the first four cards taken 
throughout was identical with the mean of all, it was considered 
that four cards each would suffice in the remaining sets. Set No. 
3 is a duplicate of a previous set, with the exception that the pres. 
sure was carried to 8,000 or 10,000 pounds only in the first trial, 
while in the second (the one tabulated), the pressure was carried 
to 14,000 pounds. The mean results of the two sets were prac- 
tically identical. The screws and nuts were flooded with oil when 
placed in the machine ; the four or eight cards were then taken 
without re-oiling, except as the oil was redistributed each time 
the pressure was relieved; and when taken out, both screw and 
nut were thoroughly cleaned in dry sawdust before mmbanchamging, 
except in set 3, in which they were not cleaned. 

The method of testing was as follows: The test pieces being 
placed in the machine, the gearing was turned by hand, driving 
the screw at a very slow rate (not more than one revolution in two 
minutes), until the pressure was raised to the desired amount, the 
pendulum meanwhile being swung out by the moment required to 
turn the nut. The relative motion of screw and nut during this 
time was very slight, being only that due to spring of parts of the 
machine, and the slight displacement of oil in the cylinder; so 
that the action between screw and nut was quite similar to that 
taking place in ordinary machine bolts when tightened upon 
comparatively unyielding material. The motion was usually 
rather irregular, the screw and nut being relatively at rest from 
ten to twenty times during the tightening, as is well shown by the 
cards. This was partly due to the jar of the gearing. 

When the maximum pressure was reached, the gearing was 
locked, and the hand relief valve was opened slightly ; as the 
pressure fell the pendulum slowly descended, turning the nut on 
the screw in the same relative direction as before, but reversing 
all the motions of the machine, which, by their friction, might 
affect the card. Thus, if the piston did not turn freely, it would 
make the “up” line on the card too high, and the “ down ”’ line 
too low; and for friction in the indicator piston and other parts 
there would be corresponding deviations in the lines. But in 
most tests the “ up ” and the “ down” lines coincided very closely, 
showing either almost total absence of friction, or compensation 
of the errors. In those cards in which the lines did not sensibly 
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coincide, the true card was assumed to lie midway, as this would 
give the proper mean, whether the deviations were due to friction 
in the machine or to change of the coefficient at the screw. Usu- 


Mean Coefficients of Friction 


loa 


1"= 8196 pounds. 


1080.2 inch-pounds. 0, 0, 0, 
Heavy Machinery Oil—Cast Iron Screw—Brass Nut. 


Mean Coefficients of Friction 
15 15 15 


1'= 8196 pounds. 


we ts 


1’= 1080.2 inch-pounds 0; Oo 


ally the “ down” line was the smoother, the jar of the gears being . : 

absent. 
The general form of the cards is that of a curve closely approxi-— 

mating a straight line, with small irregularities throughout, as_ 

shown in Fig. 21. The curvature is usually in the direction indi- ee 

cating a smaller coefficient at higher pressures; a straight-line © 

card would a constant coeflicient, or “ friction propor- 
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The coefficients. given in the first three tables were taken at 
10,000 pounds load on the screw. The fourth set was made with 
much lighter indicator spring and pendulum, to get a large card 
at low pressures. As the average result of this set, read at 3,000 
pounds, was practically identical with that of the first set, read at 
10,000 pounds, it was assumed that each card might be considered 
as a “straight-line” card. 

The labor of computation from the cards was reduced to a mini- 
mum by plotting on a piece of transparent celluloid a series of 
straight-line cards with a common origin, and for coefficients vary- 
ing by .02 from .04 to .24, and involving all corrections shown to 
be necessary by a careful calibration of all parts of the machine 
and indicator. The celluloid sheet being placed over the actual 
card, the proper average coefficient for that card could be read 
off. 

The computations were based upon the formula st 


in which shin wnt 


Q = tangential force necessary to turn the nut, applied at the 
mean radius of the thread. de x 


P = total axial load. Tass 


p = pitch of thread. 
d = mean diameter of thread. 
= coeflicient of friction. 


The comparatively low coefficients frequently obtained in set 
No. 3 were also made evident by the “ overhauling” of the screw 
when pressure was applied by the hand-pump—the highest coefli- 
cient at which this can occur being about .076 for these screws. 
The graphite and oil were well distributed between the nut and 
the screw, the looseness of the fit making this possible. 
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MEAN COEFFICIENTS FOR HEAVY MACHINERY Or, 


(Actually read at 10,000 pounds pressure per square inch. Each figureisthe 
average for eight cards.) 


ScREws. 


-139 .14 | .147 
5 Mild steel, case-hardened... .133 .148 .13 -193 


Mean of all, .1426. 


«Highest for a single card (screw 5, nut 220 
Lowest (screw 8, nut 

bs 


MEAN COEFFICIENTS FOR LARD OIL. 


(Actually read at 10,000 pounds pressure per square inch. Each figure is the — 
average for four cards.) 


ScrREws. Nuts. 
6 7 8 9 
.12 105 10 
2 .1125 1075 10 12 
4 -1150 .10 11 1325 
5 0975 105 1375 
es) Highest for a single card (screw 4, nut 9) ..... 
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MEAN COEFFICIENTS FOR HEAVY MACHINERY OIL AND GRAPHITE, 


(Actually read at 10,UUU pounds pressure per square inch. Each figure is the 
average for four cards.) 


Mean of all, .07. 


Highest for a single card (screw 5, nut 6) 
Lowest dg (screw 5, nut 9) 


hae TABLE IV. 


MEAN COEFFICIENTS FOR HEAVY MACHINERY OIL. 


(Actually read at 3,000 pounds pressure per square inch. Each figure is the 
average for four cards.) 


Screws. 


Mean of all, .1488. 
‘ Ji tp Highest for a single card (screw 5, nut 7) 
Lowest (screw 2, nut 9) 


The conclusions which the results seem to warrant are : i 

That for metallic screws in good condition, turning at ex- 
tremely slow speeds, under any pressure up to 14,000 pounds per 
square inch of bearing surface, and freely lubricated before appli- 
cation of the pressure, the ae coefficients of friction may 


Pal 


Tae 
No. oF Nuts 
| 6 8 9 
| 
111 0675 .065 04 
~ 
1075 071 105 050 
4 071 .045 .044 .036 
he 
No. or NuTs. 
6 7 8 9 
| 1 .147 .156 132 | 
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COEFFICIENTS OF FRICTION. 


LuBRICANT. Minimum./Maximum.) Mean. 
Heavy machinery oil (mineral) .................... 11 .19 .148 


Heavy machinery oil and graphite, in equal volumes} .08 15 .07 


The writer does not consider that the tests prove that any one — 
of the metals used develops less friction than any of the others, a 
under the methods of testing employed, although such results 
might be inferred from Table III., for instance, in which the 
coefficients for the brass nut are uniformly lower than for any of © 
the others. Nor does he believe that the method of testing 
employed is the best possible; a number of cast-iron nuts and : 
screws tested by themselves, and a number of steel nuts and Jee: 
screws similarly tested, might give results showing less variation 
than is evident in the records given above, and hence more defi- 
nitely comparable with each other. | 

Addendum.—In using the machine for testing materials in 
torsion, a graduated arc and a pointer are attached directly to © “ie Pa 
the ten-inch test piece at points eight inches apart. Thetwo-inch 
drum above the head of the pendulum (shown in the photograph = 
only) is used for obtaining “ semi-autographic ” records. For 
equal intervals in the angle of torsion, as read on the graduated " 
arc, the drum is turned by hand a fixed number of teeth on its 
ratchet-wheel, while the pencil, carried on an arm of the Soe _ 
rises a distance proportional to the moment of the pendulum. © “ik 
The record thus obtained gives virtually a number of points in . 
the true card, from which both strain and stress may be scaled; © 
or the strain may be referred directly back to the graduations on =— 
the are. After the stress has been carried sufficiently beyond the _ a 
elastic limit, the rotation of the drum is discontinued, and the __ ae 
maximum moment is autographically recorded by the vertical ioe 
rise of the pencil. The angle of torsion at rupture is determined, © 
in ductile materials, from the fractured specimen, mayks being — 
made for the purpose before testing. With brittle materials the 
angle of torsion at rupture may best be determined from the ini- a 
tial and final positions of the heads carrying the jaws, the reading _ 
are and pointer being removed before fracture. The cards - = 
obtained as above are on a large scale to a point somewhat 
beyond the elastic limit ; the maximum stress is determined accu- 
rately, and the maximum strain is determined with sufficient — 
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DISCUSSION. 


Prof. R. H. Thurston.—Professor Kingsbury is to be com- 
plimented on the ingenuity and efficiency of his apparatus, as 
well as upon his experimental results, obtained in a field as yet 
very little explored. When working up this subject, years ago, 
in collecting material afterwards published in Friction and Lost 
Work, it became evident that almost nothing of the small quan- 
tity of experimental matter then available could be relied upon 
to give correct data; and this is, I think, the only considerable 
work done since which gives us reliable information relative to 
this particular case of friction of lubrication of heavily loaded 
screws or of very high-pressure friction of lubrication of any 
kind. The machine employed and the facts collected are wel- 
come contributions to our experimental apparatus and to our 
literature of friction and lost work in machinery. Many modi- 
fications and numberless applications have been made of the 
“autographic recording torsion mechanism,” the first, I think, 
ever made use of in testing machinery of any kind, but none 
that I have seen seems to me better planned or better suited to 
a special investigation for which it has been devised. It has, 
hitherto, been next to impossible to obtain satisfactory meas- 
ures of the coefficient of friction at such great pressures ; these 
fill a long-existing hiatus in our tables. 

The reported results appear to confirm deductions which have 
been previously only provisional and uncertain, and to show 
that, at pressures measured by tons on the square inch, the 
friction-coefficient, even for rest, may be kept down to usual and 
moderate figures—provided abrasion is avoided. At least, that 
is the apparent deduction from the fact that lard oil acts better 
than “ heavy machinery oil,” and graphite mixed with oil gives 
the best results of all. It would be interesting to secure figures 
for sperm pil, which I have usually found better—if pure—than 
lard, under exceptionally heavy work. I have, for many years, 
advised the introduction of graphite of fine grades, and specially 
purified, wherever these great loads are to be carried on heavy 
and slow-moving machinery, as under the main centres of large 
engine-beams, and under the pivots of swing-bridges ; assuming 
that its interposition between the rubbing surface will greatly 
aid in insuring smooth and uninterrupted operation, by giving 
safety against abrasion. Oils, and even greases, may be driven 
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= rout by pressure, but not usually graphite. I hope that Mr. 
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heavy greases, like ‘‘ Albany grease,” for example, under these 


sities of pressure, even on the score of moderate coefficients of | 
friction. 


tent, thus securing the ultimate effect of use of graphite. The 

‘superiority of the combination of graphite and the brass sur- 

face, in Table III., is, I am inclined to think, not accidental. It 
has been customary, with many engine-builders, for a oi 


- gives rise to danger of injury by abrasion ; and good bronze has 
always been found useful in heavy work ; though under light — 
‘pressure cast-iron on cast-iron, and, on hard- driven machinery, © 
as at sea, white-metal surfaces are often required under parts 
liable to spring. 

Mr. William S. Aldrich.—The application of the principles of 
the torsion testing machine have been admirably worked out for 
the experiments in this new field. The almost frictionless 
movement of the trunk piston, in the heavy cylinder of Pro- 
sins Kingsbury’s apparatus, is due to a happy adaptation of 
the well-known principle that the frictional resistance is re- 
hie to a minimum in such case when rotatory motion is com- 
bined with the axial movement. The next step would have been 
to provide that the indicator piston should have the same 
of helical motion. 
Indicators will no doubt have this feature introduced in their 
construction. We shall then see no more the accumulation of 
_ Zig-zag expansion lines due to sticky indicator piston, on series 
‘of consecutive cards taken at intervals too short for oiling up. 
We do not mean to say that the zig-zag lines in the diagrams 
shown in the paper are due to this cause: this characteristic is 
there explained as being due to the intermittent method of run- 
ning the test, as well as to the gearing used. But we notice 
_ some kinks on these lines for which there is possibly some other 
explanation, the small on which they are 


Kingsbury will give us some figures, later, on the friction of _ 


pressures. Such lubricants, probably always undesirable under _ 
light loads, may be found satisfactory under very high inten- 


The superiority of cast iron on cast iron, in some of these 
experiments, may perhaps be due to the spongy constitution of 
the metal, insuring retention of the lubricant, and, to some ex- — 


tion and more, to use brass piston-rings where a soft cylinder — 
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The hydraulic transmission of the pressures by, the piston 
method, it is admitted, is accompanied with leakage. Such 
losses increase with the pressures. They will not compensate 
each other on the “up” and “ down” runs, as the losses due to 
_ mechanical friction are recognized to do. The hydraulic trans- 
mission is on what has been termed a “ closed system.” There- 
fore, leakage occurring on the “up ’ run vitiates very slightly 
that record; while on the “down” run there is certainly less 
oil present in the system, introducing an initial error, followed by 
diminishing leakage as the pressure is relieved on this “ down” 
run. The losses due to this cause are not extensive enough to 
alter materially the long-run average. We wish to point out 
that the indicator cannot be depended upon for very accurate 
quantitative work when recording pressures transmitted, as in 
this case, in a closed hydraulic system. Such records show 
comparative pressures of considerable use in qualitative experi- 
mental work, however. 

The inherent failure of the indicator in this connection was 
also reported upon by Professor Carpenter in discussing a pre- 
vious paper of mine, on the “ Use of the Indicator for Continuous 
Records in Dynamometric Testing.” In that paper I advocated 
the diaphragm method of receiving the pressure, and hydraulic- 
ally transmitting the same to a diaphragm pressure-recording 
gauge, or one of the closed-tube type. While these are made 
for rectangular as well as circular diagrams, the latter would be 
especially useful in the present case. The angular motion of 
the chart could be made to correspond exactly with that of the 
pendulum of the torsion-testing machine. 

These experiments on the friction of screws have some valu- 
able practical applications in the common screw-jack. 

Graphite is shown to reduce greatly the coefficient of friction 
when used with heavy machinery oil. Taking the case of a mild 
steel screw working into a cast-brass nut, the use of graphite 
with the oil will enable a man to lift the same weight with only 
60 per cent. of his applied force required without graphite. 
This is from the only tabulated results with graphite, at 10,000 
pounds pressure per square inch. Weshould like to see similar 
comparative data at other pressures, as well as the coefficient 
of friction with use of graphite alone. A slight modification of 
the machine would adapt it to experimental work in determining 
the friction of collar and ring thrust bearings. ay full 
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Mr. William Kent.—I would like to ask Professor Kingsbury 
what coefficient he would advise using in designing machinery 
for very heavy work. Should we be safe to take .15 as the 
coefficient of friction, which is the maximum given with machin- 
ery oil? I would also suggest future experiments to see if 
- forced lubrication could be applied to a screw. I know it 
would be very difficult to get oil at 14,000 pounds to the square 
inch upon the surface, but I think a proper apparatus could be 
got up to do that. We might possibly get a small current of 
oil flowing through a very fine orifice in the screw itself into 


: the nut, so as to lubricate the nut under great pressure. 


Mr. J. F. Holloway.—I think the gentleman is to be congratu- 


if lated on having gotten up a very nice machine; just what it 


_ ghows, whether the friction of the screw, or the value of the lubri- 


cant, I have not yet quite made out. It is rather a laboratory 


experiment on a large scale. Those of us who have occasion to 


_ use nuts and bolts in ordinary practice are often at a loss to 
_ know what pressure is produced by screwing down a nut. Some 
here have no doubt struggled in trying to screw a nut on a 


- bolt, and finding it go very hard, have hit it a few blows with a 


a hammer on the corner of the nut and then run it down with 


their fingers, thus showing that the friction of nuts is often 


due to mechanical and accidental conditions. I cannot see how 


a test on such an apparatus as described would help us to 


know whether the friction of the nut was due to mechanical 
defects, want of area, or imperfect lubrication. It is doubtless 
_ known to many here that in making very large bolts, where the 


thread is cut in a lathe, that if the tap is cut on the same pitch pre- 
cisely as that of the bolt, the difference in the shrinking of the 
tap, when a large and long one, is enough to make a difference 


-. in the pitch of the thread to such an extent as very often to make 


the nut go very hard unless made a loose fit, and it is the practice 
in some places where this has been observed, to cut the tap 
with a slight difference in the pitch from the bolt, which helps 
to make the nut and bolt move much more easily, and fit very 
much better. 

As I said before, I congratulate the gentleman on building a 
very nice machine, but I donot see how we people who have to 
use these things practically are going to derive very much bene- 
fit from the action of the apparatus shown. 

Mr. O. C. Woolson—I would like to ask the gentleman 
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“ = what character of graphite he used; was it pure, and how , 

highly refined, ete., as I regard that as a very important matter. 
I had experience years ago in using graphite on engine bearings. 
which had to be kept running, and I thought it was rather a 
cute trick, for it kept the bearings comparatively cool; but after 
a time all my oil holes and grooves were pretty well clogged up, 

due to the character of graphite used. 
Mr. George Whitehead.—The experiments made by this gentle- 
man evidently show that a little graphite does a great deal of 
good to prevent friction. But there are very often cases where 


nuts and bolts go very tight; in fact, I have seen hundreds. 


a 7 broken, one after another, where simply a drop of oil stopped 
the breakage entirely. 
Prof. James E. Denton.—I appreciate the cleverness of the. 
design of this machine for its purpose, but it probably shows 
+ is nothing regarding the relative value of lubricants for bearings. 


having any ordinary speed of rubbing. 
The friction measured was practically the friction of rest; 
_ that being the case, it was like putting a couple of files together 
pushing hard enough to force the teeth out of mosh with 
each other. Graphite then fills in the teeth and lessens their 
depth as oil cannot, and thereby affords less friction than oil. 
_ The friction of surfaces moving over each other at ordinary 
speed is, however, not lessened by the use of graphite with oil, 
unless the surfaces are abnormally rough. 
Mixtures of graphite with oil for use on smooth surfaces, such: 
as railroad car axles, have involved such great viscosity that the 
friction was much greater than with ordinary car oils. 
- - Regarding the friction due to too tight a fit of nuts, the experi- 
ments, I understand, do not include any such friction, as the 
nuts were made to fit very loosely. I take it, the results of the 
experiments apply to slow-moving screw gearing—such as for 
the crossheads of screw-testing machines and worms—and they 
are certainly a very desirable contribution to our meagre knowl- 
edge regarding coefficients of friction for such conditions. 
Mr. Charles L. Newcomb.—I believe a great many of us have: 
used soapsuds to relieve the friction, and I would like to suggest 
that if Mr. Kingsbury makes any further experiments that he 
try good soft soapsuds. I have often used it where oil was 
ineffectual, and found it relieved the trouble. Perhaps it might 
be worth while to experiment with it. 
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Mr. Francis Schumann.—The information contained in ae 
‘ paper of Mr. Kingsbury is very important, especially to ei 
who have large screws to design. 
= Our information of the frictional resistance of special or pri- 
- "mary parts is very meagre indeed. The intention of Mr 
Kingsbury’s experiments, as I understand it, was to determine ~ 
the coefficient of friction rather than the efficiency of the lubri- i 


or ten inches in diameter, the first thing to determine is the co-, 
efficient of friction on the inclined plane formed by the threads, 
a - and when it comes to utilizing two or three hundred horse- 
power to overcome the loads, exact data are very important. 
All present data as to friction coefficients at all applicable = 
_ those for flat surfaces. I have never before seen any informa- 
i. tion as to the actual friction of screws. The experiments of Mr. 
_ Kingsbury likewise denote the importance of careful workman- 
ship. 
_ If we have large screws in which irregularities of workmanship __ 
are to be apprehended, it shows the importance of the parts 
ee loosely, to diminish the amount of friction, because a 
close fit and unevenness would require considerable excess of 
power and time before the conditions as to resistance originally 
assumed were realized. 
_ A matter that attention may be called to is the leverage of 
friction. To be rigid, we should take cognizance of the law 
i of the relative angular motion, which slightly increases the 
~ lever arm. Of course it is, to a certain extent, splitting hairs. 
_ _The formula for the tangential force may be given in a simpler 
form, the tangential force being equal to the tangent of the sum 
_ of the two angles—that is, the angle of inclination and the angle 
of repose. 
| Mr. Charles L. Griffin.—I want to say just a word to emphasize 
the importance of this question of the coefficient of friction. In 
the city of St. Louis the Granite City Steel Company has a large 
_ forty-toncrane. The trunnions of the ladle are supported by two 
very heavy steel screws running in bronze nuts eighteen inches 
_ long, the screws being about six inches in diameter. The nut 
is carried in a steel tube which is filled with oil, so that as the 
screw turns and runs the tube up and down, the screw project- 
ing through the bottom of the nut is continually plunged in a 


cants used. 
For any one who has large traversing screws to design, eight 
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bath of oil. Now in designing this screw the question of the 
coefficient of friction was of course a very important one, and 
the assumption was made that a screw acting under the given 
conditions would have a coefficient of friction of somewhere in 
the vicinity of eight and ten per cent. That was merely a guess, 
however. When the crane was put in operation and worked 
under a load, the guess proved to be somewhere near right. 
Now if we could have determined beforehand positively what 
the coefficient of friction would have been with certain grades 
of oil, it would have assisted us very much to a closer power 
calculation. 

I do not see why this question of the coefficient of screws 
should not be distinctly applicable to worms and worm wheels 
running in a bath of oil. Now in the crane business, although 
I believe that it is usually considered that the worm-wheel crane 
is somewhat a thing of the past, yet at the same time there are 
special cases where the woxym wheel will work in very nicely. 
In that case they are usually kept in a continuous bath of oil, 
and the motion is quite slow. But so far as I know the only 
data which we have at hand to determine what is the coefficient 
of friction, and consequently the efficiency of the worm wheel, 
embrace simply each man’s own individual opinion on the sub- 
ject. It seems to me that this question of the coefficient of 
friction is very important, and that any investigation which 
tends to define its limits, especially in the simple case of a slow- 
moving screw, is to be highly valued. 

Mr. Oberlin Smith_—I too think that this machine is a very 
ingenious one and valuable for finding out what it has found out. 
But as has been said, the conditions are so different from aver- 
age ones with a very slow motion, with everything perfectly 
favorable to keeping the oil in its place, etc., that it does not 
give us very much practical knowledge. What we want is to 
have such experiments supplemented in a very much more care- 
ful way. We should have tests of the actual nuts and screws 
used for hoisting and for pressing substances, and of worm gear- 
ing, running in a bath of oil, as it is usually easy enough 
to arrange, and also running under ordinary conditions of lubri- 
cation, such as the first-named screws are subjected to. I think 
none of us realize, until we try it, what a variation there is in 
the friction of our machinery in general. I have made some 
rough tests recently with fly-wheels weighing from 500 to 1,500 
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pounds running loose on stationary shafts. They had long cast- — 
iron hubs, smoothly reamed out, two or three inches in diame- © 
ter, running on forged steel shafts, turned as average lathe work. 
No special pains were taken to polish the surfaces, and ordinary 
lubricating oils were used. I have been surprised to find the ~ 
coefficient of friction running as high as 35 per cent.—all the way - 
from 10 to 35—but this high rate must have been due toslow  __ 
starting and a short are of motion without giving time for the 
oil film to properly adjust itself. I have no doubt thatthe vari- 
ation in the friction is as great in almost all of our transmission 
machinery. I do not see why the conditions on the screw-thread 
should be different from those of ordinary journals; as we all — 
want to use screws, it would be very interesting ifwe could have 
some more practical experiments, so as to know what we actu- _ 
ally are losing in friction. As I understand it, this paper does _ 
not attempt to deal with the abstract question of the relative 
efficiency of the different screws. That, of course, is easily 
found by knowing the pitch and pressure, etc. We want, how- 
ever, to get the friction coefficients just as low as we possibly 
can, because screws are a very inefficient device at best, and 
with the very best conditions of service and lubrication we 
still lose a good deal of energy with every screw we use. a: 
Professor Denton.—I would like to ask Mr. Smith if he ever | 
tried spinning his wheel and letting it stop ? ae 
Smith—No; the experiments were tried with a rope 
wrapped around the fly-wheel rim and a spring-balance attached. 
The moment at the friction surfaces was of course obtained by ie Mg a 
finding the inverse ratio between the radius of the wheelandthe _ a 
radius of the shaft. The static friction in starting from a state 
of rest, when the wheel had been standing some time, reached in ee 
some cases the maximum figure named, but fell from 25to 50 
per cent. after getting Revenmer s in motion. That is, it would 


ance, about as fast as a man would wren pull, perhaps 3 or 
4 feet a second. I did not make any tests running at high 
speed. 

Prof. Albert Kingsbury.*—The trend of the discussion indi- 
cates that the results of the experiments are-a beginning in a 
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neers. The writer has long been aware of this as the result of 
his own experience ; and while he has projected a variety of addi- 
tional experiments, for which the apparatus seems adapted, he 
has chosen to present at this time his results thus far obtained. 

Dr. Thurston, Mr. Woolson, and Mr. Newcomb have raised 
various questions regarding the lubrication. Short tests have 
been made with nearly all the lubricants suggested—sperm oil, 
soap, heavy greases, dry graphite, paraffine, and possibly others; 
but in none’ of these have the tests been extensive enough to 
warrant publication of the figures. 

The graphite used in the tests was Dixon’s “ Perfect Lubri- 
cator.” A short test was made with some of this graphite which 
the writer had attempted to purify specially, on the assumption 
that silicates might be present in the commercial article ; but 
no conclusive results were obtained. 

Professor Aldrich thinks there is some error in the cards, 
due to leakage of the oil in the cylinder. Even if this leakage 
were of considerably greater extent than that which actually 
occurs, it is not evident to the writer that either the “up” or 
the “down” line could be affected by it in the least degree. 
The indicator, except as influenced by its own friction, registers 
without error the pressure on the oil in the cylinder ; and only an 
extremely minute local drop in the pressure could exist. The 
leakage was mentioned by the writer only because it would pre- 
vent sustaining the load on a compression test-piece long enough 
to make a micrometric test of the shortening of the test-piece. 

The indicator was adopted for the recording apparatus pri- 
marily because it was the only thing of the kind at hand; but it 
would probably prove more desirable than the Bourdon gauge or 
the diaphragm gauge, on account of facility in changing springs 
and in calibration by dead loads. If a circular chart or card 
were used, showing angular motion of the pendulum, this would 
involve another factor in the computations. The device used, giv- 
ing the moments directly, is quite simple and easily calibrated. 

It is undoubtedly true that a coefficient of friction would be of 
little use in case of a tight nut, as suggested by Mr. Holloway; 
nor would it be of use in any other case in which the load is 
wholly unknown. 

The question as to the mathematics of the formula, as raised 
by Mr. Schumann, was not overlooked when the computations 
were begun; but the ordinary formula here used, taking the 
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mean radius to the middle of the thread-surface, introduces no 
error which is worthy of consideration at all in a test of this 
kind, where the result sought itself varies so widely. 

Mr. Griffin suggests the applicability of the results to the case 
of worm gearing used for hoists. 
tremely slow speeds this would probably be permissible ; but 
for ordinary speeds the coefficients would be of doubtful utility, 


The friction of worms and wheels has been quite extensively — 


experimented upon by Mr. Wilfred Lewis, and his results are 
recorded in Vol. VII. of the Transactions of this Society.* Dr. 
Thurston, in his book on “ Friction and Lost Work,” gives the 
results of his own tests of worm gearing. Both the records 
referred to give the results as efficiencies, and the friction in- 
cludes that of the bearings of worm and wheel. Yale & Towne 
have also experimented on the subject of worm gearing, and 
their results are given in the discussion of Mr. Lewis’ paper. 


Mr. Kent asks what coefficient is best to use in designing 


screws. That depends upon the object of the design. If the 
screw is to be made so that it could not overhaul under the most 


favorable conditions, with either lard oil or heavy machinery — | 
oil, probably 8 per cent. would be the highest allowable coeffi- © 


cient; and for a certain margin of safety, a somewhat lower 
figure. If the driving mechanism is to be designed with a view 
to making the screw turn, even if perfectly dry, probably 35 
or 40 per cent. would be the figure. If the amount of power 
likely to be lost in the long run is what is wanted, probably 15 
per cent. would be a safe coefficient for everyday work ; this 


might be reduced to 10 per cent. with lard oil under the best __ 


conditions, and at the speeds used in these experiments. 


As a matter bearing upon the subject of lubrication, it may _ 
be said that some interesting phenomena were observed in con- | 


nection with the work of fitting the six-inch piston into the cylin- 
der. 


iron lap. The piston was roughed off in the lathe and finished 
nearly to size by grinding, the final touches being given by fine 
emery paper. 


EXPERIMENTS ON THE FRICTION OF SCREWS. 


For worms running at ex- 


The cylinder is cast closed at the back end. It was bored i 
out in the lathe and finished by grinding with emery on a cast- — 


The cylinder was about eight ten-thousandths of © 
an inch larger than the piston. Placing the cylinder in an up- 
right position, the piston was dropped into it nearly to the bot- _ 
tom, both piston and cylinder being perfectly clean and dry; 
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then the air vent (the indicator hole) being closed, the piston 
was supported on the confined air. Thus supported, and given 
a whirl with the hand (the initial speed being about 120 revolu- 
tions per minute), the piston ran for about five and one-half 
minutes, its motion being gradually reduced by the friction of 
the air, and ending so very slowly that the precise instant of 
stopping could be determined only by the closest inspection. 
The piston ran without touching the cylinder at all, as was evi- 
denced by the absolute quietness of the motion, the piston being 
surrounded by a film of air four ten-thousandths of an inch 
thick, acting as a lubricant and preventing contact of the sur- 
faces. It is not suprising that this should be possible with the 
cylinder in an upright position; but it was also found that 
nearly the same results were obtained with the cylinder in a 
horizontal position, the entire weight of the piston (22 pounds) 
then being supported by the film of air, instead of by the deep 
cushion as in the first case. In the second case, however, the 
motion stopped quite suddenly after slowing down very gradu- 
ally for a time ; a lower speed having been reached which was 
not sufficient to maintain the distribution of the air in the film, 
the metals came into contact, which at once ended the motion. 
Of course, while running in this position, longitudinal traverse 
of the piston was very easy; it was very difficult to level the 
cylinder so that the piston would not travel one way or the 
other; but by closing the air vent the piston could be kept in 
any desired place. The lightest available oil (kerosene), if sub- 
stituted for the air film, while offering very slight resistance to 
slow motion, would not permit the piston to make more than 
five or six revolutions after it was given an impulse as in the 
previous cases. This “damping” effect was, of course, more 
marked with heavier oils; and with the oil actually used in the 
machine (the same “‘ heavy machinery oil ” as used for lubricat- 
ing the test screws), served the useful purpose of retarding, to 
some extent, the vibration of the pendulum during the tests, 
which arises from the variations of friction at the threads of 
the test-screw. 

Mr. Wm. Kent.—I would suggest that an explanation for that 
curious phenomenon of the film of air may be found in capillary 
action. When you reduce the clearance down to a few ten- 
thousandths of an inch, the air may have considerable capillary 
force and insert itself between the surfaces and keep them apart. 
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THE PROPORTIONS OF HIGH-SPEED ENGINES 


BY JOHN H. BARR, ITHACA, N.Y, 
(Member of the Society.) ott 

F. F. GAINES, SOUTH EASTON, PA., AND H. E. WILLIAMS, ALBANY, N. Y. tony ae 

Note.—Mathematical formulas are not in great 
favor among builders for proportioning the parts of such machines © 
as the steam-engine. It may be possible to justify the limited _ 
use of such formulas in these cases; but the exercise of “judg- _ 
ment” in selecting a factor of safety which will give dimensions _ 
suited to the requirements of actual operation is often equivalent — 
to relying upon the judgment of the designer without any com- 
putation whatever. 
Notwithstanding the probability that the use of definite rules. 
is, and must continue to be, the exception (otherwise than as 
a check), there is a rather striking general agreement among 
builders of standard engines of any type as to the proportions of 
many of the parts, making due allowance for differences of con- 
ditions. That is, practice has settled down to somewhat definite 
lines, not, however, without exhibiting occasional freaks. J 
It occurred to the writer, some two or three years ago, that it | 
might be possible to derive formulas which would express, more — 
or less closely, the general conclusions arrived at as the result of 
experience in high-speed engine construction. These formulas are 
necessarily empirical in the sense that they are adjusted to agree 
with observations ; but they should be, whenever possible, rational 
inform. That is, "the variables should enter the formulas as wl 
would enter purely analytical formulas ; while the constants would — 
be derived from practice, and not from smmmed working strength, 
bearing pressures, etc. In other words, the engine in actual opera- — 
tion takes the place of the laboratory testing machine in supplying _ 
data for design. : 


* Presented at the New York meeting (December, 1895) of the American | ay 
Transactions. 
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THE PROPORTIONS OF HIGH-SPEED ENGINES. 


advantages of using expressions of the rational form, 
rather than purely empirical formulas, are: first, that working 
stresses, factors of safety, etc.,can be deduced from their con- 
stants, and that these constants can be intelligently modified to 
meet new conditions ; second, that they can be applied with greater 
safety somewhat beyond the range of data from which they are 
obtained. 

In order to begin the proposed examination, it was first 
necessary to secure data as to dimensions and weights found 
essential, desirable, and satisfactory in practice; which required 
the co-operation of established builders of engines of the class to 
be examined. It was expected that this would present a serious 
obstacle, as many builders are very properly cautious about 
distributing such detailed information. In order to reduce the 
labor, on the part of the makers, to a minimum, a printed form 
was prepared in which the desired data could be inserted. This 
form with a personal letter, and a circular explaining the scheme, 
was mailed to numerous representative builders. While some of 
these did not see fit to comply with the request, a good number 
of others responded very liberally. It was considered best to 
limit the investigation, at least for the time, to high-speed engines 
of moderate capacity. Should opportunity offer, it is hoped to 
extend the range of the work. 

The examination was carried out by Messrs. Gaines and Wil- 
liams as the basis of a thesis presented upon graduation at Sibley 
-Oollege, Cornell University. This thesis, and the abstract pre 
pared by these gentlemen for the Sibley Journal of Engineering 
* une, 1895), furnish the substance of the present paper. 


_ Data for the examination of high-speed engine proportions, as 
described in this paper, were obtained from leading engine builders, 
who very kindly furnished blue-prints, and filled out such a im 
as is shown (abbreviated) herewith, 
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FoRM FOR ENGINE Data. 


School of Mechanical Engineering, Srstey CoLLecEe, CoRNELL UNIVERSITY, 
and of the Mechanic Arts. : 


Machine Design. 
. R. H. Taurston, Director. 


JouN H. Barr. 
Steam Engines, 189.. 


Diameter of Cylinder....... 


Length of Stroke. ......... 
Revolutions per Minute. 

|Rated Horse-Power.... 

Diameter of Piston Rod.. 

Material 

Mid-Section of ene | Rod... 
Diameter of Crank Pin.. 

Length 

of Crosshead Shoes. 
Diameter of Main Journal 

Length 

Length of Shaft ; c. to c. Bearings 
Material of Shaft 

Diameter of Fly-Wheel 

Face of Fly-Wheel 

41/Total Weight of Fly-Wheel...... 
42|Weight of Rim of Fly-Wheel .. 
Weight of Complete Engine. 


The data secured in this way were quite complete, covering — ey 
about 75 engines of about twelve different builders; the sizes of 

sy engines ranging from 25 to 225 rated horse-power. The informa- 
tion obtained was first classified and arranged for comparison. 


es for example, in the examination of crank-pin dimensions 


- with inside or centre cranks ; ; while in dealing with piston- rod 
 alenss such a division is not necessary. 
_ The following notation is used throughout this ar : 
D = diameter of piston; A = area of piston; LZ = length of 
_ stroke; S= steam pressure, taken at 100 pounds mo square inch 
above het as a standard pressure; H.-P.=rated horse- 
power; JV = revolutions per minute; C=aconstant. All dimen- 
_ sions in inches, unless stated to the contrary. Other notation is 
explained as used. 
The general method employed in deriving the various expres- 
sions may be illustrated by reference to that used for the diameter 
of the crank shaft at the main bearings. 


Crank Shaft.—d = diameter of shaft. The formula for the 
diameter of a shaft which is subjected to torsion is: 


d= H.-P. ~ N; if the moment of torsion is constant. 
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Crank shafts are subject to variable combined bending and twist- 
ing moments; but these moments, when their magnitude and 
variation are known, can be reduced to an equivalent twisting 
moment; hence an expression of the above form applies to the 
case in hand, if the ratios between bending to twisting moments 
and between maximum and mean moments are constant. In the 
engines examined, there is a general agreement as to these ratios. 


22. 


In the centre-crank engines the ratio of crank throw to distance 
between bearings and the ratio of maximum to mean moments 
showed a general agreement. — 

From the data at hand, points were plotted on cross-section 
paper with given values of d as ordinates, and the corresponding 
values of H.-P. = Was abscissas. Points located in this way 
are indicated by small circles in Fig. 22, and if two points, derived 
from different engines, coincide, a double circle is used. All points 
obtained from the engines of one maker are connected by a con- 


12 
= 
4, 
4 


121 


THE PROPORTIONS OF HIGH-SPEED ENGINES. 
\ 


line. The broken appearance of some of the lines 


ventional 
representing the dimensions of a single builder, may be accounted 
for, in part, by the use of common fractions of an inch and by the 
frequent practice of using the same frame, crank shaft, etc., with 
different cylinders. 

The heavy full line is drawn to represent the average of the 
observations, and lines are also drawn to embrace the extreme 


points. From the equations of these lines formulas are derived 
‘which represent the average and extremes of practice, as shown 
by the engines examined. The three formulas thus obtained differ 
only in the values of the constants. 7" b 
The constants found as above give : 
7 
d = 7.56/ H.-P. = WV for the mean, 
= 6/H-P.+N « maximum, 
5.98/H-P. +N “ 


= “ minimum. 
For example: If an engine develops 100 horse-power at 250 
revolutions per minute, the first of these formulas gives 


d = 7.564/100 + 250 = 7.56./-4 = 7.56 x .737 = 5.57 inches, 


or say 5} inches. 
The other formulas would give 6.46 inches and 4.41 inches, 
respectively. Or the range of sizes is about from 44 inches to 6} 
inches for such an engine as that assumed for the illustration. 
Piston Rod.—The expression derived for the diameter of piston 
rods is based upon the Euler formula for a long strut: P = cH/ 
+ P,in which P is the load, # the modulus of elasticity, Z the 
moment of inertia of the section, and / the length of the strut, 
and ¢ isa constant. P equals steam pressure times the area of the 
piston ; hence it is proportional to the square of the piston diameter 
(D*), for any given pressure, as 100 pounds per square inch. 
[=.%,2d‘ for a circular section of diameter d ; J is taken equal 
to the length of stroke, Z; for the unsupported length of rod is 
not much in excess of the stroke, and would bear nearly a constant 
ratio to the stroke in the different engines of this class. Collecting 
the constants, steam pressure, Z, ;,7, etc., in one constant C, and 
solving for d, the following expression is obtained : 
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Using vaues of d given by the data as ordinates, and the cor- 
responding values of the radical /D Z as abscissas, points are 
located as in Fig. 23. The equation of the mean line gives .145 as 
the value of C, while the extreme lines give .119 and .177 as the 
minimum and maximum values, respectively. 

Connecting Lods are first treated as long struts, then the allow- 
ance for flexure stresses due to inertia isexamined. For resistance 
to buckling in the plane of motion, the connecting rod is treated 
as pin connected, or round ended; for flexure in a plane at right 
angles to this, the strut is square ended. Hence (neglecting iner- 
tia) the thickness or breadth (0) of a rod of rectangular mid-sec- 
tion should be one-half the height (h). The formula for breadth 
is: b= CDT’, in which Z’ is the length of the rod. 


10 14 


Fie. 23. 
Wiz, 


~The data examined gives .0545 as the mean value of C, with 
.0433 and .0693 as the minimum and maximum values. 

The excess of 2 over 2b may be considered as a provision for the 
stresses due to inertia. To show this allowance points were 
plotted having corresponding values of 6 and / for the codrdinates. 
This curve shows that / is from 2.18 to 4 times } ; the mean value 
being 2.73 5. 

Main Journals.—The diameter of the crank shaft at the main 
journals has already been discussed. 

The length of journal to prevent undue heating was examined 
oe ald but the data is in- 
sufficient (with the varied proportions of the different builders) to 


clearly locate the general direction and position of the mean line. 


upon the basis of the formula, 7 = C - 
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‘about 100 pounds as the pressure per square inch of projected 


main bearing, the formula is: 


dl = C'SA= CA (taking a standard steam pressure). 
The examination gives values of C ranging from .367 to.739, 
the mean value being .489. a: 


_ If pis the pressure per square inch of projected area, : 


at 


2Qpdl_dl. S 


2pdl1=SA; hence 


With steam pressure of 100 pounds per square inch this gives 


area, using the mean value of C, while the minimum and maximum 

values of C give about 140 and 70 as the extreme values of p. 
Crank Pin.—The length of crank pin, 7, was investigated upon 

‘the basis of the formula 1 = C mans id plotting 7 as ordinates and 


L 
—z- as abscissas. As in the similar case for main bearings, the 
points located were very irregular. Fig. 24 shows the diagram 
obtained and also the lines drawn for the mean, minimum, and | 
the maximum practice. The equations derived from these lines 


are, respectively : 


+ 2.2 inches, 
H-P 
+ .88, and 


These expressions do not accord in form with the fundamental 
formula, and it is evident that more data should be obtained — 
before trying to establish formulas for this case. The two extreme 5 
lines have been determined upon the proportions of only two — 
makers, differing widely from the general practice, and should be we 
changed unless substantiated by additional data. The lines indi- uel, 
cating the general practice should be curves instead of the straight re 
lines shown in Fig. 24. The principal interest attaching to this 
diagram is in exhibiting the peculiarities of practice, as exemplified 
by the highest set of points, and as showing the necessity of much __ 
‘data in drawing conclusions. The first of the above formulas 
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probably represents practice approximately within ‘the limits ex- 
amined, but it is not offered as satisfactory in all respects. 

The projected areas of the crank pins were found to be repre- 
sented by the expressions : 


These values give pressures per square inch of projected area (for 


10 
Fig, 24. 


_ steam pressure of 100 pounds per square inch of piston) as about 
450, 1,400, and 225, mean, maximum, and minimum, respectively, 
Face of Piston.—As would be expected, a wide divergence was 
noted in the ratio of diameter to face of piston. The following 
relations were obtained : 


Face = .437 D, for the mean. 
= .300 D, “ “ minimum. 
= .650 D, “ “ maximum. 


These expressions are, of course, purely empirical. 


4 A 
a 


roeshead Pin.—Projected area of crosshead pin varies from — a 
066 A to .346 A; the mean value, as observed, being about 
al = .105 A. 


the mean being 2 = 1.33 d. 

Fly- Wheel. —The weight of rim, W, should be proportional to 
H.-P. 
on similar service, steam distribution, etc. A wide range of oo «ia 
weights is to be looked for here, and this expectation is justified — 5 ei 


(in which D, is diameter of wheel in inches), for engines <3 


by the examination. The expressions obtained are : wa”) ay 
W= 8833,000,000,000 for the mean. 
DN ‘ 
= 341,000,000,000 ; minimum. 
= 2,780,000,000,000 DY maximum. 
As in the other cases, the general practice lies comparatively — : : 
close to the mean; the extreme values of the constants covering i fe a 


the widest range observed, which is approached by but few of the | 
engines examined. 

The linear velocity of rims ofwheels was treated thus: The 
average velocity of each maker was found, then the mean of these 
averages was determined. This general mean is about 4,200 feet 
per minute. 

Weight of Reciprocating Parts.—For engines having similar 
compression, smoothness of running (in passing the dead-points) 
indicates that the weight of reciprocating parts, W, should be 


proportional to Taking the reciprocating parts as made 


DP 
LN* 
up of the piston, piston rod, crosshead, and one-half the connect- oe 
ing rod, the diagram of Fig. 25 was obtained by plotting the weight 


LN* 
of these parts as abscissas, and the corresponding values of Dr 


as ordinates. By using the reciprocal of for y, the mean 

curve takes the form of the equilateral hyperbola, xy = C, and a. a 
value of C is found to be 1,850,000 ; hence 
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Weight of Entire Engine per Horse-Power.—lt is probable that: 
some of the engine weights, as furnished, are not very exact; but 
the data given show that the average weight of engine, W, amon 
the engines examined, is W = 117 (H.-P.-7), or W = 117 (H.-P.)- 
820 pounds. 

In all cases involving the steam pressure, this has been taken 
at 100 pounds per square inch above exhaust pressure. The Ap- 
pendix gives the values of the constants (mean, minimum, and 
maximum) corrected for other usual steam pressures. 


In sadaen, it may be said that many features of the hig 
speed engine, other than those reported here, were investigated. 
As this paper has for its object simply an explanation of the 
general method pursued, many of these are omitted. 

The authors fully appreciate that this paper is very deficient in 
many respects. The data at hand are insufficient, in most cases, 
for a satisfactory investigation ; but it is hoped that other engine 
builders may feel disposed to remedy this source of weakness, 
should it appear that the work will have any real value. 

We take this opportunity to express our thanks to those who so 
cheerfully assisted us in the investigation. == ie 
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The following table gives values of the constants to be used 7 
in the appropriate cases, when designing for pressures other 
than 100 pounds per square inch, which was taken as the =. 
standard pressure in this work : 


VALUES OF MEAN CONSTANTS AT VARIOUS 


| 80 90 100 110 120 
Diameter of piston 187 | 141 | | 149 | 1520 
Breadth (thickness) connecting .0515 | .0532 | .0545 | .0558 | .057 
Crank pin (projected area)...........+... 176. | .198 | .220 | .242 | .264 
Crosshead pin (projected area).... ...... 084 | .094 | 1045) 115 | 


alt 
Prof. R. H. Thurston.—This is one of a number of somewhat 4 
similar investigations which have been carried on, of late, look- _ 
ing toward the rationalization of practice in construction, and 
the elimination of the empirical and of the “factor of igno- — 
rance.” Its real purpose and result are, as I take it, to secure 
a sound basis for constructive formulas in correct mathematical _ 
forms, and, then, the derivation, from results of experience as 
illustrated in practice, of the values of constant multipliers—of 
constants in the formulas—which shall be at once safe and 
economical. The use of the facts thus presented is not merely __ 
to exhibit variations in common practice, but to derive good © 
bases for a better and more uniform practice in each of the. 
several special lines of construction studied. It is not to show wT: 
that good builders vary from 100 to 150 pounds in weights of ey 
engine, per horse-power, in building high-speed engines, but to ae 
derive safe weights from acknowledged successful practice. ia. 
The variations here shown come, presumably, from a number i. — 


of kinds of variation in knowledge and in judgment on the part 
of designers and builders. The “factor of safety” illustrated * 
includes not only a true factor of safety, to cover inevitable ae if 
variations of quality of material and defects of workmanship, as : 
well as unavoidable occasional excess of load on the machine or 
on a part, but also that “factor of ignorance,” of quite another — 
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sort, which measures the designer’s distrust of his own knowl- 
edge, or his actual ignorance of his business. 

I was once attached to a ship in which a pair of thirty-inch 
steam cylinders, eighteen-inch stroke of piston, driven by a 
gauge pressure of only twenty-five pounds, were fitted with rods 
five inches in diameter. The reason given by a friend of the 
designer was that, at that time, it was impossible to secure good 
workmanship, and, in illustration of this fact, he stated that he 
had been startled, in a case of breakdown by fracture of a rod, 
to see a bolt drop out of the interior of the rod, which bolt had 
formed a part of the original pile out of which the forging 
had beén drawn down, and which had not been welded into the 
surrounding mass when the rod was made. I knew a case in 
which a designer made his flat steam-chest tops an inch thick 
on a variety of sizes of engines, and, unable to compute the right 
thickness, increased the depth of metal only when he found that 
some of his larger makes were springing visibly under steam. 
It is more than likely that some of the excessive sizes noted in 
this work come in a somewhat similar way—as, perhaps, by 
experiencing a wreck due to water coming over from the boiler 
—not realizing that engines cannot be designed to meet success- 
fully that sort of contingency. 

I have known designers to design iron shafts of ten inches 
diameter and one-inch rods alike, on the assumption that the 
breaking stress may be taken as 50,000 pounds per square inch, 
never dreaming that the same metal may break at 35,000 in large 
shafts, or, drawn into one-inch rod, at 60,000, or, in wire, at 
100,000 pounds per square inch. A designer of rock-drills was 
- continually enlarging the size and increasing the number of his 
cylinder-head bolts, which as steadily continued breaking under 
blows of the piston ; failing utterly, until given a special lecture 
on the subject, and taught to lengthen the body of the bolt and 
reduce its diameter below that of the bottom of its threads, to 
appreciate the fact that strength without extensibility, in such 
places, means inevitable fracture under impact. Thus, where 
we see an exceptionally large rod, or a peculiarly heavy crank, 
it is apt to prove the case that the last of that pattern broke 
through some accident, and the designer makes the next a little 
larger that it may stand in the same contingency, when, very 
probably, the cause was one which should have not the slightest 
influence upon the proportions of the part or of the engine. 
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a ‘With one of the old forms of Corliss crosshead, for example, 
_ piston rods were continually breaking, and as constantly being 
enlarged by unobservant designers ; until, after a time, it was 
Me discovered that the springing of the rod through the tilting of 
the crosshead was the source of trouble, and an improved design 
of the defective part put an end to all trouble of that sort and 
ink again reduced sizes of rods to their proper minimum. Prece- 
dent may serve to regulate practice in the courts, but it is apt, . 
_ if not checked by thorough .knowledge and good judgment, to 
- make engineering very costly. 
On the whole, it seems very probable that the constants to be 
used in good practice are likely to fall under, rather than over, 
=. . the average values there revealed. Engines break down oftener 
r. _ through malproportion of parts, and accidents having no bear- 
an ; ing upon their proportions, than from actual weakness or light- 
o ness due to the adoption of too small a factor of safety. Some 
of the best and most successful designers build the lightest 
engines, and in the navy, for example, the reduction of weights 
one-half, during the last generation, has not apparently increased 
liability to accident. Could absolutely safe materials be secured 
by correct specification and inspection; could symmetry and 
__- uniformity in proportioning be attained by intelligent designing ; 
gould parts be adapted with equal success to resistance of 
Stresses, both static and dynamic; and could skill and care in 
- Management be insured, it seems to me extremely probable that 

a factor of safety of four would prove ample for all ordinary 
work in steam-engine designing. The settlement of this ques- 
tion, so far as practicable, by this sort of comparison of experi- 
ence among the best builders of the world, is the true end in 
view in such investigations as these. 
It is encouraging to find, as we have in this case, that all the 
leaders in modern construction have so much wisdom and liber- 

) | _ ality, and have so little of the old abominable selfishness and 
. _ jealousy of their fellows in the business, as to join heartily in 
) the investigation of such matters of professional and scientific 
importance as this, for example, is admitted to illustrate. 
I would say a word further. In the attempt to secure infor- 
mation relative to the costs of parts, we have met one difficulty, 
at least I have met one difficulty, in seeking such information as 
this, and that has only come from the fact that builders have 
very frequently supposed that we were seeking market prices, 
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which they did not care to give out, and not the costs of parts. 
which might be compared in order to secure the final result of 
getting a given piece of designing done in a proper way at least | 
cost of work finally accomplished in dollars and cents expended 
in its final running. But when that impression is removed I 
have no doubt it will be perfectly possible to make comparisons 
in a somewhat similar way to this in the economics of steam- 
engine design, a subject which from that point of view has never, 
so far as I know, been taken up in any formal way. 

Mr. William 8S. Aldrich—The comparison of an engine in | 
operation to a laboratory testing machine, though unique in its 
way, we believe should not be pushed to its limit. Of all the 


members of a steam engine, the piston rod alone has perfectly | a 
determinate stresses while in motion, which the indicator card __ 


may be said to weigh. Moreover, the destructive testing of 
full-sized members has its legitimate place in structural work 
subjected to statical loads; but engine builders are not yet 
educated up to the point of determining the strength (or weak- 
ness) of their designs, of a fly-wheel, for instance, by destructive 
test of the same to find at what dynamic loads it gave way. 

An inspection of the diagrams given in Professor Barr’s valu- 
able paper will convey a better idea, we think, than any com- 
parison of numerical values for mean and extreme points. We 
could wish that the variations in the proportions of the several — 


members could all have been presented by plotted diagrams _ 
rather than by giving only the constants for mean and extreme __ 
values. The Society will surely find room for more of these 
diagrams, if the author wishes to place them on record. We _ 


could scarcely appreciate the value of the numerical extremes — 
for length of crank pin till we had carefully inspected the dia- — 
gram, showing some sort of a satisfactory clustering of values 
about a general average. This is in a field of design on which 
builders usually reserve the right to pass judgment ; introduc- 
ing questions of friction, wear, lubrication, and being independ- 
ent of the strength of the material, it cannot be subjected to 
«rational analysis. The same may be said of area of slides, area 
of face of piston, and lengths of crosshead pin and main bear- 
ings, of which we should like to see the plotted diagrams. 
Examining all curves given which involve design by purely 
rational formule, we note a remarkably satisfactory clustering 
about the general average. The structural design of the crank 


a? 

2 

a. 
‘ 
va 

i 

j 


THE PROPORTIONS OF HIGH-SPEED ENGINES. 


shaft and piston rod, involving the strength of the material 
alone, in the final analysis, and the dynamic design for weight = 
of reciprocating parts, show an adherence in the long run to an 
average, whose lessons are obvious. 

The formule of our forefathers for structural design must be — 
made more rational, however, by using the coefficient of safety, 
based on the elastic limit, rather than the factor of safety, — 
based on the breaking-load. The present very general interest __ 
in the accurate determination of the elastic limit makes it ne 
almost criminal to design further by the breaking-limit factor. _ 
No one cares to be around any structure with internal stresses 
beyond the elastic limit ; why, then, use a factor based on the . : 
behavior of the metal beyond this point? ae ao 

The internal resisting stresses of all materials are coming to a a 
be more accurately determined every day. The point of appli- __ 
cation, direction, and magnitude of the externally applied forces i. ‘= 
may be readily determined in most cases of steam-engine de- — 


¥ 


depart from rational methods of designing. 
The weights of fly-wheel and of reciprocating parts are prop- 7 a 
erly treated by purely rational methods. Here, too, an inertia a) 
indicator card may be said to take the place~wf the testing-ma- _ 
chine diagram. When fly-wheels come to be built like bicycle = 
wheels, in which material is provided for weight and strength — ae 
where most needed, perhaps an inertia instrument of some type > 
will show different constants from those in the paper, which > 
have a phenomenal range, though in the billions. Such a fly-— 
wheel inertia indicator, by making a continuous record, and being _ 
required by law, would provide an invaluable aid to the coro; 
ner’s jury, in the absence of the engineer. ae 
Prof. R. C. Carpenter.—It strikes the writer that this paper = 
forms a very valuable addition to the literature relating to the ~ ; 
design and proportion of engines, and it is to be hoped that the — 
field of research may be extended so as to ascertain the practice 
in this respect of the builders of low-speed engines. The writer _ 
has had reason in a number of cases to lament the fact that 
there was no standard to which builders of engines were con- — 
fined. The great variation in practice of different builders was 
illustrated in a series of proposals for several engines to be of 900° 
horse-power each, which the writer was called on to examine in > 
the capacity of consulting engineer. In these proposals for the | 
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‘same engines, working at the same speed, and between the same 


limits of pressures, the size of main shaft proposed varied in 

- diameter from 16 to 22 inches, the sizes of crank pin from 7 to 9 
inches, and other working parts accordingly. The makers were 
not accordant as to the size of cylinders required for producing 
_ the same power, when working at the same speed and between 
the same limits of temperature. The variation in power esti- 
mated by taking the product of volume passed through by pis- 
ton, into probable M. E. P., would range from 80 to 140 per cent. 
of that demanded. The want of uniformity in practice and the 
want of a rational basis on which to establish engine propor- 
tions are patent. To the writer it would seem that in many 


instances the makers were simply vying with each other to see 


which could put in the heaviest parts, regardless of the require- 
ments of the plant in question, and this view was considerably 
strengthened by a conversation with the selling representatives, 
There is little doubt but that certain proportions of parts 
of engines are required to meet the conditions under which the 
work is to be performed, and furthermore, for such service as 
electric-railroad work, where the variation is almost instanta- 
neous from no load to 50 per cent. overload, these parts must 
be much heavier than in an engine designed for a steady load; 
but it also seems probable that some of the builders in attempt- 
ing to meet this demand have taken proportions which are 
unreasonably large and not required under any conditions. The 
same lack of harmony is also to be seen in the proportions 
which are proposed for steam piping, some builders being con- 
tent with a pipe which will deliver steam at the rate of 100 feet 
per second, and others requiring one, two, or in some cases three 
times as great an area. 

Prof. Albert Kingsbury.—I wish to add a word of commenda- 
tion to that which has already been said in favor of the paper. 
I think that Professor Barr has undertaken, and to a large ex- 
tent has carried out, a valuable work. I look at this matter from 
the same standpoint as Professor Barr—that of a teacher of 
machine design. It is to such a man very distressing some- 
times to give a student a problem in designing in the solution 
of which he has to use the formula and the constants given him 
in his text-books, and after the student has worked out the 
dimensions of the crank pin of the engine very nicely, and has 
expressed them in thousandths or ten-thousandths of an inch, 
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to say to him “ That is very good—but I think we must add 
- elt an inch to the diameter, and an inch and a half to the 
i length, i in order to make it look right.” The teacher very fre- — 
- quently j is at a loss to give the student reasons for such an exer- _ 
_ gise of judgment, and the lack of sufficient evidence to back him © 


up is a confusing thing to the student, and may perhaps offse 


the careful teaching which has preceded the work in hand. The 
ee: lack of just such data as Professor Barr has undertaken to 


é -titfeatie which Professor Barr has found in acquiring data 
oe _ for his paper has been the lack of responses to his circular let- 
~ ters. We all know why these responses have been few; press 
of business, imaginary self-interest, or something else interferes 

with the impulse to answer promptly ; but I think that, even for 

his own interest, every builder ought to submit such informa- 

tion if he has it, and I hope that if Professor Barr undertakes to 
carry out this work further, he will receive a great many more 

_ answers to his letters than he has already received. It seems to 
me, however, that a certain amount of critical inspection should 
be given the data received. I do not think that the dimensions 

_ submitted by all builders should be recetved with the same 

vi _ weight. I remember a case in which a builder who made large 

; > steam presses, the steam cylinder having a diameter of about 
four feet, and perhaps four-feet stroke, was requested to make 
_apress of the same diameter with no changes except an addi- 

_ tional length of stroke, making the stroke six feet instead of 
four. From a rational point of view, about the only change in 
the original machine which would be necessary would be an 
increase in the length of the piston rods—there were three of 

3 them—and the length of struts connecting the steam cylinder 
with the cylinder in which the work was done, with an increase 

in their diameters to produce the requisite stiffness. The maker 

did this, but he went further; he added an extra inch to the 
thickness of the metal in the steam cylinder and the cylinder- 
= nae heads, and so on, making ch hich holl : 
. g changes which,were wholly unneces 
- sary throughout the machine. If the data submitted to Profes- 
Ba. sor Barr were taken from such a machine as this, it is quite 
evident that they ought to receive no value whatever. It is evi- 
dent that the work already done has involved a considerable 
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amount of labor, and it is further evident that to collect and 
formulate the data for a complete work on machine design, of 
the magnitude of Professor Unwin’s, for instance, would involve 
_ an amount of time which no otherwise busy man is likely to 
have for the work. I hope the authors of the paper may find 
time to do more of the work, and give us the results as soon as 
possible. 

Mr, Oberlin Smith.—I think this paper has great value (aside 


_ from its evident intrinsic value as pertaining to the special sub- 


ject on which it is written) as an object lesson of more to come of 
the same kind of literature—a kind which we ought to have, and 
of which I hope we will have a good deal in the future. I hope 
to see the time when this Society and other societies will have 
special committees for just such work as this. There is a lamen- 
table ignorance among us of the average proportions of actual 
machines of a great many kinds, which are good machines and 
are in constant use, but which are made with the same great 
variation between different makers which high-speed engines 
have. Such work consists in getting a consensus of opinion, so 
to speak, of the practice of manufacturers of actual machines, 
tabulating it, formulating it, finding averages as carried on, not 
only with steam engines, but with printing presses, looms, loco- 
motives, boats, and all sorts of things about which it would be 
of enormous value to the community to know more. One illus- 
trative case in point was the standardizing of the screw-threads 
of the country by the Franklin Institute in connection with the 
Messrs. Sellers and the Navy Department. Their system has 
been the United States standard ever since, and has been of 
enormous use to the country. The work was done in the sam¢ 
way as in this case under consideration. Circulars were sent 
out and information was gotten from a great number of people 
who were using threads, and a general average was struck. 
Some theoretical considerations were incorporated and the vari- 
ous series were “evened up,” so to say, with a view of getting 
the best practical screw-threads possible, although not expect- 
ing to reach perfection. In this aye, therefore, which we may per- 
haps call the beginning of the age of standards, wherein we shall 
learn to standardize our manufactured goods far more than we 
ever have in the past, such a paper as this is very interesting. 
Mr. Francis Schumann.—The paper of Professor Barr reminds 
me of an experience which happened to me several years ago. 
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In looking up data relating to the transmission of heat I 
_ obtained translations of the work of Peclet and Morin in which 


ne ally appeared. Isought back and forth to discover the value of 
this coefficient, but without success. 
Now this coefficient which was lacking in the heat formule is 
what Professor Barr is seeking for use in computing the pro- 
portions of the parts of a steam engine. We speak of rational 
- formule ; how can we hope to obtain them when we have none 
_ even for a simple column, or strut? 

The application of theory in designing a commercial machine is 
oe in an unsatisfactory state, because of the lack of information 
~ regarding the special purposes, conditions, and forces to which 

it may be subjected. Take for instance a student who would 

attempt to determine the proportions of an engine, based upon 

the knowledge as it is now taught him, without the advantage 

of the numerous empirical methods now made use of by the 

_ older practitioner, in lieu of the rational formule not yet found. 

_ A rolling-mill engine is subject to shocks and wear entirely 

different from those appertaining to one used for a woollen mill. 

_ Those constants which change the proportions of an engine so 

that it will be suited to either purpose respectively, are what 

we still need. Is there any one of us, who has designed, made 

the drawings for, erected and tested an engine for some special 

purpose, who has not modified, finally, the theoretical propor- 

tions by this previously lacking coefficient K? Has he not, as 

_ Professor Kingsburg said, added half an inch here and there ? 

It is true that ultimately we may establish rational formule, 

but at present we must rely on those constants or coefficients 

_ which Professor Barr has, so happily for us practitioners, com- 

_ menced to formulate as a substitute for those missing links in 

_ the rational design of an engine, and I believe Professor Barr’s 

work, when completed, and, I hope, extended to other machines, 
will be of the greatest value. 

Mr. William Kent.—I did not notice in Professor Barr’s paper 

any statement of the difference in the proportions of crank 

_ shafts when the fly-wheel is overhung or when it has an out- 

_ board bearing. 
Professor Barr.—I will state that the engines examined and 
reported in this paper, so far as the crank shaft is concerned, are 
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an all of the centre-crank type with no outboard bearing. In con- 
: — piston rods, we have taken some engines of the other 


i r. Kent—I have no doubt that the formule for crank- 

es _ shaft diameter will be different for engines provided with an 
- outboard bearing. I have noticed in some engines with out- 
board bearings the fly-wheel seemed to be wobbling in a most 
_ dangerous manner. In an electric-light place some time ago, 
 * ¥ was really afraid to stand near the fiy-wheel. I asked the 


oe 7 engineer if there was not some danger of that breaking. He 
ss said, “No; there is no danger at all; the other one did break 
a  — six months ago.” I would also say that I have been told 

that one firm has recently enlarged the diametérs of an outboard- 

« _ bearing engine shaft from five inches to eight inches. I do 

= think any theory will come in to explain that, except that 

they found that the five-inch shafts were breaking, and they 
made up their minds that they would make them so strong that 
‘im would not. 

: = Prof. Charles L. Weil_—I was very much interested in what 
Professor Kingsbury had to say about the unfortunate position 
of the instructor in machine design. When I was at Lehigh 
_ University , it was the custom, in teaching engine design, to take 

= class to New York City, and make measurements upon some 
twenty-five engines, something after the manner mentioned in 
this paper. When engaged in this work one thing struck me as 

- unfortunate, and that was, that by the time the technical-school 

men had gathered data for constants, for what might be termed 
a certain style of engine, there came a change of requirements in 

_ the commercial world—in regard to speed, for instance—in the 

case of that class, which would so influence proportions as to 

ey have a very pronounced effect on the values of the constants 
previously determined. Too often our constants in machine- 
design work are for a style that is passing into disuse. 
= Mr. H. H. Suplee—The remarks made remind me of a state- 
_ ment which I think holds good in a great many such cases ; that 
- _ is, that the work of the professors is very good in its way, but 
vine very often it is just a little too late. I think if we could get it 
_ in such a shape as to anticipate and get data from new designs 
ate of engines as they are being planned—of course we all know 
| how difficult that is—the information would not be too late to 
be utilized. 
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*. Oberlin Smith.—I agree with Mr. Porter, one of the origi- 
2 anvil” missionaries, that an engine-bed should be just as 
heavy as we can afford to make it, and independent of the prob- 
able purpose of the engine ; and the heavier the better. We can-— 
not make it too heavy for practical use. Of course, reciprocat- 
ing parts, like pistons, crossheads, etc., should follow more the 
idea of getting plenty of strength, but hoxing as little weight as be 
possible. But we do not, by any means, want to do that in beds. — 
Prof. John H. Barr.*—In comment upon the remarksofmem- ~~ 
bers, I would refer first to the suggestion of Dr. Thurston, that : = o 
the best proportions are probably somewhat under the mean. I ee ; 
should agree that the best practice would be, probably, to adopt — 
proportions under the average, rather than above it; thisisan _ 
important point which we neglected to bring out in the paper. 
As to the factor which has been referred to under the general 
name of factor of safety, the factor which has been derived _ 
from investigations of this kind is not a factor of safety with — 
ms _ Tespect to strength alone, but is based also on rigidity and 
various contingencies of, service which affect the proportions of 
different parts. 
ie The formule which we have derived are not rational, except 
inform. They are formule of rational antecedents. The fac- 
tors are derived.from practice, and include elements which have 
been taken into account by different builders. 
In reply to the suggestion that we should give different per- 
__ eentage values to the proportions adopted by different builders, 
ce _ would say that this would be rather a difficult thing to do. 
ee? if I were at liberty to give the names of the builders whose 
_ data have been used, it would be admitted, perhaps without ex- 
: : - ception, that all were entitled to much respect and were of equal 
cad i value. Of course I cannot give such names. 
The builder who would be likely to build an engine whose 
_ piston rod was forged out of a pile of old bolts represents the 
ii 3, - of man who keeps his trade secrets to himself, and declines 
help such inquirers as ourselves. 
The investigation has been entirely confined to high-speed 

4 - engines, and in most cases to the centre-crank engines.” We are 
- going to begin on the slow-speed engine men next, and after- 
.— hope to get round to the builders of machine tools. 


* Author’s closure, underthe Rules. 
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I am glad to be assured of Mr. Smith’s cooperation i in furnish- 
ing us information in this latter field. 

Mr. Oberlin Smith.—I should be very glad to give it, and hope 
to get some of the other fellows to do the same thing when it is 
wanted. 

Professor Barr.—The ‘opening paragraph of Professor Ald- 
_ rich’s discussion seems to show a misunderstanding of the posi- 


tion taken by the authors of this paper. It is not intended to 


advocate the substitution of the steam engine in operation for 
the laboratory testing machine in making destructive tests of 
materials. What is intended is simply the use of the propor- 
tions found desirable and necessary in actual engines in deriv- 
ing the safe working stresses; or using the engine in operation 
to measure the effects of the various contingencies which we 
have not, so far, been able to determine by analysis and the 
- common experimentally determined constants. 

The stresses due to dynamic action (other than those result- 
ing from the useful load transmitted, and the more readily cal- 
culated incidental effects), such as the effects of repeated varia- 
tions in stress, etc., have made it necessary to use factors of 
safety of 8, 10, 12, or even more, in place of the real factor of 


safety of 3 or 4, which should be sufficient if all conditions were 


- accurately known and provided for. These factors contain so 


much of the element of ignorance that it seems necessary to 
resort to comparison of the proportions of “good” engines in 


_ order to get a proper factor for each part. This may not be the 


- most scientific method of approaching the problem, as it does 


not assign to each of the various causes its separate effect; but 
it appears to be an expedient which will give a result more 


on nearly in accordance with the requirements than is attained by 
the method of selecting some one factor of safety to be used for all 


members of the same machine. As Professor Aldrich remarks, 
the stresses on a piston rod can be ascertained somewhat closely, 
and this is evidently an instance where the intelligent designer 
would determine these actions as nearly as practicable, and 
then use a veal factor of safety, which should be low. 

It is suggested that more of the diagrams should be presented. 


It is very true that these diagrams alone are of much more value 


than are any deductions and conclusions which the authors can 


derive from them. The present paper was not presented as in 
any way comprehensive ; but it was offered in its very incom- 
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plete form in order to get the “sense of the meeting” asto the —__ 
desirability of further investigation along this line; and with a 
the hope that many more builders would consent to furnish — :. 
data when shown that it could be used without divulging their = 
proportions. While the limited data already secured have en- i, at 
abled us to observe the general trend of practice in certain — = wg 
instances, it is realized that much more is required in order to 
draw any important conclusions. Should the builders agree to A a 
codperate more generally—and they will certainly have the op- = 
portunity—and should the matter be considered of sufficient 
value: to occupy the attention of the Society further, more of 
these diagrams may be offered later. 
The writer agrees with Professor Aldrich in his strong appeal 
for abandonment of the breaking limit as the basis of design, 
and hopes that we may be able in the near future toadvance 
far enough to base our design upon the stress which a mem- — 
ber will stand under indefinitely repeated application of such 7 
stresses as it is called upon to endure in operation. The will 
searches of Wohler and Bauschinger have indicated the impor- _ 
tance of much more extended investigation along this line ; but 
in the absence of adequate information as to the behavior of 
materials under these conditions, less scientific methods may 
be utilized to meet the immediate necessities. Certainly “ra- 
tional ” methods of designing are best, unless they end up in an 
irrational factor of ignorance. 
Professor Weil cites the rapid changes in requirements, and 
the corresponding alterations of proportions which are apt to 
.oecur, and which tend to vitiate the value of examination made 
upon current practice. We can hardly hope to arrive at stand- 
on _ard proportions for the members of a steam engine, and to have 
these standards retain their value indefinitely. However, it 
: ee: may be well to call attention to the fact that the type of engine 
~ here considered is a new one, and that extreme variations of 
_ proportions are inevitable during the experimental period. 
= the past decade, with its marvellous electrical 
me _ development, has produced a revolution in the requirements of 
the steam engine such as we may hardly expect to witness again 
in many years. These circumstances are sufficient to account 
ne for the diversity of practice observed in the present case. It is 
not difficult to agree with the recent prediction of the editor of 
_ one of our engineering papers that an examination similar to 
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_ this, if made ten years from now, will reveal no such wide range 
of practice as we see to-day. 

Mr. Suplee refers to the advantage to be derived from examin- 

ing the newest designs in advance of their actual application. 

This would doubtless be very desirable, if sufficient data of this 

nature could be obtained ; but it would probably not show, in 

the general case, much departure from the latest preceding 

_ practice of the same designer. This method would be taking 

_ the judgment of the designer, rather than his experience, as our 

basis, and this judgment is formed by his past experience. The 

last designer would show his effort to correct previous errors of 

judgment, as well as his allowance for new conditions, pre- 

sumably. Many of the proportions employed are the result of 

a@ compromise between what is necessary and desirable in the 

opinion of the designer, and commercial considerations such as 

using the same frame, crank shaft, etc., for different sizes of 

engines, or for different speeds. It would be interesting to 

obtain from these same designers the proportions which they 

would adopt for each size of engine if not hampered by the 

usual limitations, and this might afford a basis for deducing 


standard proportions which would satisfy the purely mechani- 
cal requirements to a high degree. 


2% 
it 
‘ 
: 
7 
> 


wail BY CHARLES E. EMERY, NEW YORK. ails 


One of ‘the most interesting professional engagements during 
the past year has been the study of conditions obtaining in 
- the large oil refinery of the Tidewater Oil Co., at Bayonne, 


" : J., with a view of recommending means to obtain a saving 


of fuel. An incredibly large amount of steam is required in 
ee such a place. It is used for power to operate the engines for 
the various manufacturing establishments, such as barrel, can, 

_ and box factories; to operate steam pumps to transfer the oil 
ry and finished products to different parts of the yards; to press out 
ht on the paraffine or wax from the heavier oils; to operate hydraulic 
_ presses for higher pressures ; to pump water in large quantities 
‘= cooling purposes, ammonia for refrigeration, etc. Some 

- Steam power is also required for electric lighting. A very large 

- part of the steam supply is, however, required for various heating 

_ operations connected with refining. In the refinery referred to 
there were 5,500 horse-power of boilers installed in four boiler 
houses in different parts of the grounds, which boilers were origi- 
oe forced much beyond their capacity a great deal of the 
time. The coal consumption for steam purposes amounted to 
about 64,000 tons per year, independent of which’ a very large 
quantity was consumed directly under oil stills. The question 
of the saving of fuel had been agitated before the writer was 

: Sy - consulted, and some savings made by separating the boilers for 
_ two different departments in the refinery, so that each could be 

“ haa responsible for its own consumption. It had also been 
considered that there were some connections between the differ- 
ent boiler houses which could be simplified, as it had been 


a * Presented at the New York meeting (December, 1895) of the American 
es Society of Mechanical Engineers, and forming part of Volume XVII, of the 
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_ found necessary to bene all the boiler houses in operation 
= _ nearly all the time. The executive officers had also entertained 
- @ proposition from the prominent electric companies to erect a 
central electric plant for generating alternating current, it being 
— proposed to substitute alternating motors for all of the steam 
= engines in the establishment, of course putting in new pumps 
adapted for operation in this way. The cost seemed so large 
that the writer was consulted as to the best method desirable 
- under the circumstances. It was found that the executive officers 
at the refinery had studied the problem very thoroughly, and 
_ that they knew in a general way the causes of the large con- 
sumption of steam. One of the same had some time before 
sent'to the writer for a copy of experiments which he had made 
on the cost of steam power with ordinary steam pumps, which led 
to an investigation of the cost of power with the large pumps 
of the refinery, the method generally adopted being to ascer- 
tain the weight of exhaust steam delivered through a tempo- 
rarily arranged surface condenser, or, in some cases, the extra 
weight caused by exhausting directly into a vessel of water, the 
water used being compared directly with the theoretical power 
obtained from the gallons pumped and the pressure of delivery. 
_ It was found that many of the steam pumps were using as high 
as 240 pounds of water per net horse-power per hour, and only in 
- exceptional cases could one be found which could deliver a horse- 
power as low as 80 pounds of feed-water. The general impres- 
- sion seemed to be that the steam pumps were requiring on the 
average 150 pounds of water per horse-power per hour. The 
- advantages of using exhaust steam were also appreciated to a 
certain extent, as exhaust steam pipes were being erected and 
connected so as to keep the various stills and tanks warm during 
_ the winter. 
_ The preliminary report of the writer, which was not based on 
full knowledge of all that had been done before, corroborated the 
opinions of the officers as to the causes of the large consumption 
of steam, but considerably modified the suggestions as to the 
methods of reducing the same. The large electric plant was not 
approved. A smaller electric transmission was recommended to 
reach various outlying points where steam had to be transmitted 
a long distance at very great expense in condensation independ- 
ent of the power developed, since it was necessary in winter and 
_ desirable in summer to keep the pipes warm all the time, although 
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_ steam. Its application in steam stills required experiment, so the 
results could not have been accomplished without the hearty codp- 


_ now hardly any is visible. In comparison, it seems like Sunday, 


at times greater than before. The fact that so much exhaust —— 
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the power was at many of the points only used occasionally. ror yall 
extension of the exhaust system was recommended even if ~_ =e 


became necessary to increase the back pressure, and it was recom-— 3 
mended that a number of power stations be established in which __ 
would be erected good high-pressure non-condensing engines _ 
operating power pumps to take the place of the numerous steam 
pumps in different parts of the works, the exhaust from such — 
engines to enter the exhaust mains and to be used for heating 
purposes. It was pointed out as desirable that the changes be af ae 
made somewhat slowly, so that experience gained at one plant — _ ee 


could be applied at another, and so that the class of engine best 
adapted for the purpose could be determined. Evidently if all 
the exhaust would eventually be required a cheap form of engine | 
could be used, and if the contrary was the case good compound ~ 
condensing engines could be used at some of the locations. 

The suggestions were adopted, and considerable work has been | 
done under the immediate direction of the executive officers in i 
consultation with the writer. At the present time the system of © ae = 
local plants operated by high-pressure steam engines and power 
pumps has been applied at two points in neighborhoods where 
the least. exhaust steam is required, and the exhaust steam from | 
nearly all the engines and the large number of wasteful pumps 
has been collected and used at a pressure of about 10 pounds © 
in the steam stills, the results showing that nearly all of it could ae 
be utilized. The result of the work thus far accomplished has a 
been to reduce the coal consumption for steam purposes fully 
one-half, or about 32,000 tons per year. The saving has gradually 
increased from the time the work was commenced, and has been > 
54 per cent., compared with the previous year, for the last three 
months, though the entire work laid out is not yet complete. 
One of the four boiler houses has been closed, and experiments — 
are in progress to ascertain how many more boilers can be shut 
down without forcing tlie remainder above the economical limit. 
The principal part of the saving has been due to the use of exhaust — 


eration of the executive officers of the establishment. Before the o. 
changes the yards were overhung by clouds of escaping steam ; a 


or as if the work was stopped, whereas, actually, the output is a 
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steam could be utilized has somewhat modified the original plans 


= of dispensing with all the steam pumps. At points where there is 
little condensation due to exposure, evidently the lack of effi- 


ciency is of minor importance, as the heat passes on and is utilized 


for heating purposes. In outlying districts, however, there was a 
large amount of condensation in pipes and pumps necessarily 


located outin the air in many cases, to avoid danger from fire. A 


_ number of these pumps have been housed so as to save loss by 
_ condensation, and power pumps will be substituted for others in 


another sub-station, thus reducing the surplus of exhaust steam, 
when improvements will be stopped for a time until experience 


indicates the desirability of further change. 


The question may be asked why it was decided to give up the 


_ electric-power system. The principal reason was that it was 
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quite expensive, and, moreover, not warranted by a balance of the 
_ advantages for a location where much of the exhaust steam could 
be used for heating purposes. Even if interest on first cost were 
~ neglected, the quantity of exhaust steam which could be utilized 
for heating purposes would be many times as much as the steam 
required to operate the dynamos. This last steam had to be 
_ supplied as well as the first, and, if supplied through steam 
= engines, the power could be developed with only the extra cost 


due to heat lost in the performance of work, which is compara- 
ely trifling in such a place, and the heat lost by radiation dur- 


_ ing transmission. So long as the heat lost by radiation was less 
than the cost of the power in the best compound engines, the use 
_ of the latter was not warranted even on economical considerations, 


and when the cost of the electric plant was considered, the bal- 
ance was decidedly in favor of the plan finally decided upon. It 
does not follow that this decision would apply as a general rule. 
Every case must be decided on its own merits, but in making such 


- decision great pains must be taken to obtain the probable results 
in practice rather than those which have been shown under experi- 
- mental conditions. The small electric-transmission plant previ- 
ously referred to is now in operation. It is a three-phase alter- 
- nating system, put in by the General Electric Company. A 75- 
_ kilowatt 550-volt generator is provided, it having been decided on 


consultation to make it large enough to furnish all the incandescent 


lights then supplied from three small plants in different parts of 


the yard. There are about 60 horse-power of motors distributed 


at outlying points, the units varying from 5 to 30 horse-power. 
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The electric conductors displace about 2,000 feet of steam pipe of 
yarious sizes which it was necessary to keep hot winter and sum- 
mer. In locations where gases exist that a spark would light, the = 2 
variable starting resistance has been omitted from the motors, and — 
the switch blades are immersed in oil, so that the electric appara- 
tus is absolutely sparkless. The change hasimproved the electric 
lighting, and the motors are also operating quite satisfactorily. 


DISCUSSION. 


Mr. J. G. Winship—I am especially interested in the part of 
Dr. Emery’s paper relating to steam pumps. In the infancy of 
the oil refizeries, when a party wished to purchase a seam 


pressure would be liable to drop 25 or 30 pounds and the pro- cane 
portions of the cylinders must be arranged to suit the condi- — 4 
tions. Consequently, a much larger steam cylinder had to be — 
provided than would have been necessary if a steady pressure ~ 
of steam had been maintained ; thus causing an increased con- 
sumption of steam in running the pumps. Then, in the begin- =~ 
ning the.companies had their fortunes to make, and the first = 
cost was of more consequence than now. : “a 
From the first, the firm with which I am connected has fur- 
nished a portion of the pumping plant of the various refineries, _ , 
and has always recommended the adoption of high-duty pumps. _ aa ia 
The Standard Oil Company began the use of economical pumps 
about six or eight years ago, and, finding the results so gratify- cnt an 
ing, have installed the same style in all their refineries. The a 
consumption of steam was over 50 per cent. less than with the mee ye 
old type. In the case of the Tidewater Oil Company a large > eciee 
saving is made by utilizing exhaust steam in place of live steam, oh . a 
and aleo i in the use of power pumps driven by an automatic cut- o oe 


off engine. 


ait a The policy of concentrating so much of their plant i in one unit 


eal type of steam pumps. 
Mr. F. Meriam Wheeler—I am not surprised to learn by Dr. 
Emery’ s paper that the saving in steam is about one-half, for - 


a 
a 
i Wore if waa nari 
serious break in the motive power would be disastrous in die ove q 
organizing the work of the plant. I think it would be better to a es 
divide up the work in more units, and adopt -the most economi- 
q 


- ~ remember some tests which I made years ago for the Standard 
a Oil Company where we secured even greater saving than that 
.C —— In the case I refer to about half a dozen steam pumps 
7 were employed for furnishing the supply of water for the con- 
- densers of the refinery, the quantity of water required amount- 
| i ing to several million gallons per day. They were using several 


a der that the consumption of steam was very great. As some of 
_ the pumps, especially the duplex, did not make even seven- 
tenths of their rated stroke, you can readily imagine what the loss 
a - clearance alone would amount to. One particular pump 
is had an adjustable valve gear, thus making it possible to get a 
full stroke, but this advantage was entirely overlooked and neg- 
lected. This lot of steam pumps was afterwards replaced by a 
_more economical type built by our company, namely, a compound 
ants a6 condensing pump. This pump was installed on a guarantee of a 
saving of its entire cost in fuel within one year, that being the 
is amount we were to receive in payment. Before many months 
“had elapsed our clients were glad to cancel the contract and 
va pay the regular price of the pump, as it was very evident that 
ey we would exceed our guarantee by a considerable amount, and 
a 4 thus secure more than the usual price of the pump. 
The consumption of steam in an ordinary steam pump is far 
beyond what it is generally supposed to be. Even engineers 
and others who are directly interested in the subject do not 
_ realize how high the rate of steam really is in the average pump, 
especially of the duplex type. As Dr. Emery says, some pumps 
require as high as 200 to 300 pounds weight of steam per indi- 
_ cated horse-power per hour. I recently read in one of the 


technical papers an article written by a well-known authority 


(Mr. Barr) wherein he quoted a case where the consumption of 

Hy a steam was as high as from 500 to 600 pounds per indicated horse- 
7 _ power per hour, but he remarked that in the case of the 
—e pump referred to it was not in good working order, 


Dr. Emery mentions 80 ponnis as a fair rate of steam con- 

- sumption for pumps. Even that seems very high, compared 
- with the economy-of the modern steam engine. Why cannot 
we have the same refinements in pump practice at least 
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‘Tt is certainly remarkable that large corporations such as 
those named have been so long in adopting a more economical 
type of steam pump, especially where large quantities of liquids 
are handled day and night. 

However, to come back to the subject to which I first referred : 
As I remarked, there was installed one large compound pump, 
by the use of which the consumption of steam was reduced 
from about 150 pounds to 35 pounds weight of steam per indi- 
cated horse-power per hour—quite a saving! 

Also take the blowing engines used by the refineries of these 
companies, by which they agitated the oil. It has been the cus- 
tom to use the direct-acting type of blowing engines, or what 
they term “blowers” (and they do blow a fearful amount of 
steam away, to no good purpose!). These so-called “ blowers” 
will consume, on an average, at least 120 pounds weight of 
steam per indicated horse-power per hour. Now, any one 
familiar with machinery for compressing air or gases knows 
that the direct-acting type is the last system to adopt for the 
purpose. For pumping water or other liquids the direct-acting 
steam pump is all right, but when it comes to handling air or 
gases the orank and fly-wheel system is the only proper one to 
employ. About five years ago I persuaded certain officials of 
the oil company mentioned to discontinue the use of their 
direct-acting blowing engines, assuring them they could save at. 
least 60 per cent. .of the steam by adopting the fly-wheel type. 
I designed a blowing engine of this kind, and when it was. 
installed a careful test was made by a committee of experts. 
especially appointed by the company, and it was shown that a 
saving was secured even greater than the amount guaranteed. 
Since that time the company have used no other type of blow- 
ing engine. 

It does seem strange that corporations and others who have 
extensive steam plants will overlook the subject of steam 
economy in steam pumps and other auxiliary engines, and yet. 
will be so very discriminating in regard to their regular steam 
engines in the matter of economy, giving a great deal of atten- 
tion and time in deciding on the best type for highest economy. 

Now take the matter of pumps for elevator service : It is an 
astonishing fact that to-day in New York City thousands of dol- 
lars’ worth of coal is wasted every day unnecessarily. Take 
one street alone, Broadway, and the steam which is wastefully 
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used by the steam pumps in the large buildings is something 
enormous. The loss of steam, measured in dollars, means quite 
a fortune. I only wish I had the amount represented by this 
loss as an income! It would enable me to retire in a few years, 
_ This statement may surprise many, but it is nevertheless true. 
__ - However, we are slowly getting around to a more economical 
ae _ system of steam pumps, particularly in those of small size. 
_ Even in pumps developing only 2 or 3 horse-power a great say- 
_ ing of steam can be secured. Take a pump of this size, and by 

- compounding it you can save its entire cost in a little over one 
_-year’s time in saving of fuel, over that required by a simple 

_ pump, such as are commonly sold in the market. 

_ Any one present can readily see this by the following illus- 
tration: The case in point was at an electric-light plant in 

_ Ohio, where they had been using a 6x4x6 duplex pump 

_ developing about three indicated horse-power. A compound 

(non-condensing) pump of the single type, having a 6-inch diame- 

ter high-pressure steam cylinder, 10-inch diameter low-pressure 

steam cylinder, 5-inch diameter water cylinder and 10-inch 

stroke, was substituted, with the result that a saving of steam 

at the rate of 120 pounds per indicated horse-power per hour 

was accomplished. Figuring on 10 hours a day, and 300 work- 

ing days to the year, this shows a saving of over a million 

pounds of steam. Now it is a good boiler which will average 
8 pounds evaporation per pound of coal, and on this basis the 

coal saving would amount to 135,000 pounds, or 60 tons, per 

annum. With coal, say, at $3 per ton, this represents a saving 

of $180 the first year, which, by the way, is about the price of 
_ the compound pump. This illustration is one taken from every- . 
day practice, and shows conclusively that although the first cost 
_ of the more economical pump may have been twice the price 
of the other pump, the former was decidedly the cheaper pump 
in the end. 

Certainly this subject of steam economy in steam pumps of 
- moderate size deserves more attention than has been given to it 
_ by the average user of such pumps. 

Prof. James E. Denton.—I desire to ask Dr. Emery if, in 
- elosing, he will not say if pumps of 10 horse-power or more 
would consume 45 pounds of steam per indicated horse-power 
per hour, how much saving could have been effected by 
their use. We made a very careful test of the 10 horse-power 
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compound direct-acting air pumps on the Bremen, one of the 
Hoboken ferry boats, to determine its consumption, and we _ 
found that a direct-acting non-condensing pump of 10 horse- 
power would consume 40 pounds of water per horse-power per — 
hour. 

Mr. H. de B. Parsons.—The subject of fuel-saving. is one which 
is always of the greatest interest to both the user and the en- 
gineer. Many years ago there was in use in a certain iron mine 
a battery of two boilers, which supplied steam to a number of 
rock drills, and a large old-fashioned pump. The capital of © 
the company was small, and it therefore could not undertake __ 
the expense of reducing the cost of pumping by replacing the ~ 
old machine with a more economical one. The quantity of coal — 
used in this battery, however, was large, and it was necessary, 
if possible, to reduce the amount. Against great opposition on —- 
the part of many of the directors, it was recommended that a — 
third boiler be added to the battery of two, for the purpose of __ 
reducing the fuel consumption. After considerable argument, 
the opposing directors agreed to try the experiment, and while 
the piping, drills, and pump remained the same, the saving in 
fuel after the three boilers were put in use was very large. I 
have not at hand the exact percentage of this saving, but my 
recollection is that it amounted to about 25 to 30 per cent. 
The coal used was anthracite. 

Mr. F. A. Schefier—If, as Dr. Emery states in his paper, _ 
the average water consumption of the pumps before he made __ 
the changes was 150 pounds of water per horse-power per hour, — 
and he cut down the fuel consumption to one-half the annual 
amount, is it not true that the present plant is operating at 
about 75 pounds, and that there is a pretty good opportunity 
for cutting that down? ae 

Dr. *_The discussions as to the economy of steam 


engines, one large compound pumping engine, is utilized 
for heating purposes, so the power costs practically nothing. = 
As the paper states, it was finally found that so much exhaust ae 
steam could be utilized that very many of the original steam iA } 
per were retained, and simply moved into buildings to re- — 
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duce the loss by condensation in pipes and steam cylinders to 
@ minimun, as evidently any losses of heat by external radiation 
could not be recovered. With such apparatus the steam not 


utilized for power in the engine simply passes to the exhaust 
pipes and is used for heating, and the kind of pumps or other 
engines used is of no consequence. We have therefore a direct 


answer to the question of several parties, that in general no 


~ saving would be made by using more economical pumps. This 


statement is, however, only true under the conditions obtaining 


at this particular location. The considerations which have been 


so ably presented by Mr. Winship and Mr. Wheeler, and im- 


_ plied in the questions of Professor Denton and others, would 


apply in very many cases, but do not to this particular one. 
A Member.—I would like to ask Dr. Emery if there is any free 


; - exhaust left after the steam passes around through the heating 
pipes, and also about what was the size of the units used in the 


steam engines of the power pumps. 

Dr. Emery.—There is practically no free exhaust in the yards 
at all. Whatever exhaust is left goes into a large tank to heat 
the feed-water. There is some waste from the surface of this 
tank in the summer time, so that we are planning to cover it, and 
to put in another pumping plant operated by economical engines 
to reduce the consumption in summer, with the expectation that 
a little live steam will be required in winter, which will be 
warranted by the saving during the rest of the year. Mr. F. W. 
Edwards, the very able superintendent of the works, has, how- 
ever, suggested that a large compound condensing engine used 
for pumping salt water through the yards can be run high 
pressure, and the exhaust utilized during the winter, which will 
be conducive to economy, if the conditions another season war- 
rant it. As Ihave already stated in the paper, the success of 
this method is largely due to the zealous codperation of the ex- 
ecutive officers of the refinery, among whom should be men; 
tioned, besides the superintendent, above referred to, Mr. P. RB. 
Gray, superintendent of the P. & L. Department, and Mr. J. E. 
Morse, the chief engineer of the establishment. 
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SOME EXPERIMENTS WITH THE THROTTLING 


BY AUG. A. GOUBERT, NEW YORK or 

(New York City, N. Y.). Ya 


In the course of their experience in making boiler tests, the 
authors of this paper, in common with most engineers who have 
been engaged in that line of work, have found the determination 
of the amount of moisture in steam, even by the most approved 
methods, exceedingly unsatisfactory. 

The invention of the throttling calorimeter was hailed with _ 
delight, as it was at first supposed that, with boilers working 


within the limits of good practice, the exact condition of the steam abd 
could be ascertained readily and continuously. 

It was soon found, however, that a great difficulty lay inthe _ | .. 
obtaining of the true average sample of steam. al 


Many have been the experiments and discussions on this sub- | | 
ject, and controversy has waxed hot even in the meetings of this 
Society as to form and location of sampling nipple, whether it _ 
should be plain and open-ended, slotted, or perforated, with holes 
large or small, until finally a method has been suggested involv- 
ing the testing of the entire amount of steam furnished by the _ are 
boiler. But in all these methods it is assumed that the correct __ 
sample of steam once obtained, the throttling calorimeter will 
give an accurate reading of its condition. 

That this is not the case with the accepted mode of using the 
instrument the following experiments seem to demonstrate. 

In these experiments, which were conducted for the Babcock 
& Wilcox Company, at their works, Elizabethport, N. J., unusual 
facilities were afforded, as the boiler at our disposal was under 


4 


* Presented at the New York meeting (December, 1895) of the American 


Society of Mechanical Engineers, and forming part of Volume XVII. of the 
Transactions. 
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our absolute control, and the pressure and rate of evaporation 
could be varied at will—the steam being discharged through a 
bleeder directly to the atmosphere. But nothing was done to 
increase or decrease the percentage of moisture in the steam, as 
this was foreign to the purpose of the investigation. 

Great care was used in the selection and standardizing of instru. 
ments. 

Having in a preliminary test ascertained the wonderful sensi- 
tiveness and reliability of the Bristol recording thermometer, an 
order was placed with the manufacturers for two of these, with 
the proviso that they should read exactly alike through the whole 
range of the diagram or chart. Tests in water for the lower 
temperatures and in heated oil for the higher, showed them so sen- 
sitive that they would be at variance whenever the liquid was 
left undisturbed, and so accurate that as soon as the liquid was 
thoroughly stirred they would read exactly alike. 

The mercury thermometers were all compared to one which had 
been standardized by the maker, and as they all agreed within 
less than one-half degree, they were considered sufficiently cor- 
rect. Sometimes during the experiments two or three of these 
would be placed together in the same well for comparison, and 
readings found almost absolutely alike. 

The thermometer wells were of iron, specially made, the walls 
being one sixty-fourth of an inch thick ; they were three inches 
long and filled with mercury. 

A Bristol recording gauge and an Ashcroft test gauge, both 
standardized by comparison with a mercury column, were also 
used to record pressures of steam. 

In the accompanying charts the results will be found carefully 
plotted with all corrections made. 

Three calorimeters were used, and it was thought best to have 
them all of the same construction, as shown in Fig. 26 ; this being 
the form of apparatus recommended by Mr. Barrus. 

Two of them, marked respectively A and B on the drawing, 
were made practically alike and connected with open-ended 
nipples directly opposite each other in the vertical portion of the 
steam main on top of the boiler. 

The third calorimeter C was connected closer to the boiler 
drum, but with a longer and somewhat crooked i aciilan of 
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The recording gauge was connected at Z, Fig. 26, close to the 
sampling nipples of calorimeters A and B, the test gauge being 
placed on the steam pipe at U. For comparison the test gauge 
was also tried at M/, as shown by dotted lines on the figure, no 
difference being found in the readings. 

The first part of the investigation was conducted with a view 
to determine whether or not it is absolutely necessary in practice 
to correct the readings of the calorimeter for radiation and loss 
of heat through the walls of the instrument when it is properly 
clothed with non-conducting covering. 


AM NOTE CO.N.Y. 


apparatus, we limit our remarks accordingly; but that for this 
instrument a calibration is a necessity, will appear on reference to 
Charts I., II., ITT., and IV. (Figs. 27 to 30). 

In the experiment recorded on Chart I. (Fig. 27), calorimeter C 
was connected to another boiler in such manner as to obtain wet 
steam. Mercury thermometers were placed at O and P (Fig. 26), 
a recording thermometer being connected between these two at L. 
Minute readings were taken instantaneously on the stroke of a 
gong. It will be seen that there is a wide divergence between 
the readings of the three thermometers. 

Inthe experiment shown on Chart II. (Fig. 28), and in which the 
intention was to test the sensitiveness of the apparatus, the calo- 
rimeter was connected to the safety valve nozzle and variations pro- 
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_ duced by uncovering a small space on the supply pipe and allow- 
ing drops of water to fall upon it. It is interesting to see 
_ how quickly the instrument responded, but again the same dis. 

crepancies between thermometer readings are recorded. 
Chart III. (Fig. 29) shows the necessity of thorough insulation; 


xu 25 


27. 


the two calorimeters A and B being almost precisely alike, A was 
wrapped in two thicknesses of one-inch hair felt, B having only 
one thickness. The result is shown on the chart from X to Y,a 
difference in the readings of from 5 to 6 degrees being observed. 
At Y the extra thickness was removed from calorimeter A and 


T 


T 


Der’ 
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at Z placed on calorimeter B. As will be seen, the results were 
then reversed. 

On Chart IV. (Fig. 30) it will be seen that calorimeters A and 
C, although connected to the same vertical pipe and the boiler 
not steaming, the outlet being closed, both instruments properly 


ae 
| 
0 5 10 15 30 35 40 
“a 


| 
a 
= 
< 
A 
4 
& 
= 
A 
= 


so 


_ wrapped, the orifices the same size, calorimeter A gives readings: 

. from 10 degrees to 18 degrees higher than C, this being probably | 

_ due to the longer connections. } 
That all these causes of error are eliminated when a proper | 
calibration of the instrument is made is true, but they undoubt- | 
show also its necessity. 
And now arises the question: How should such a calibration be = 
made ? 
On page 794, Vol. XI., of the Zransactions of this society, Mr. ™ 

Barrus advises that readings be taken “ at a time when the pres 9 

sure is steady and the pipe contains nothing but dead steam, | 

£ there being no current,” this calibration being of course made ™ 

at the average pressure—that is, that ordinarily the pressure § 
existing previous to such calibration must be increased or) 

_ decreased until it reaches the point of such average. 

A series of such calibrations at various pressures will be found 
Chart V. (Fig. 31). 
It will there be seen that when the point of steady average @ 


¢. 


pressure is reached by allowing the pressure to go down, the 
lower thermometer will read in some cases 20 degrees higher” 


than when the average pressure is reached in rising from a lower 
one. 
A somewhat more elaborate method which has been used by J 
the authors consists in closing the stop valve and allowing the® 
pressure to rise until the safety valve is about to blow, then open-¥ 
ing the furnace doors, and, as the pressure is slowly decreasing, ™ 
taking readings for every pound during the fall of pressure. : 
The correction for radiation is then made by comparing each) 
calorimeter reading with the calibration for the pressure corre-| 
_ sponding, but reference to Chart IV., which illustrates this method, ¥ 
will show that the readings taken on a falling pressure vary just] 
as much from those on a rising pressure as they do on Chart V.,9 
and that such calibration is just as erroneous. F 
The only explanation of this that we can thus far offer is that] 
_ when the pressure is falling, the walls of the instrument having 
been heated to the higher temperature, impart heat to the small] 
volume of steam flowing through, the contrary taking place on a@ 
rising pressure. 
ce Probably a more correct method of calibration is that shown] 
on Chart VI. (Fig. 32). 
_-In this experiment a short portion of the inlet pipe to calo 
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rimeter B was bared close to the steam main at Q and the flame — 
of a Bunsen burner applied in order to superheat the steam at its | 
entrance into the instrument. Inasmuch as steam cannot become. 
superheated until it is, absolutely free from moisture, if we heat. 
it until the upper thermometer D reads, say, two or three degrees 
above the temperature of the steam as shown by thermometer S 
in the other calorimeter or by a thermometer placed in the main 
as at 7’, it will only be necessary to deduct these two or three 
‘degrees from the readings of the lower thermometer—presuming 
that the specific heat of the steam is the same at the two pres- 
sures—the result being a calibration of the instrument for steam 
_ known to be free from moisture. 


lorimeter- 


Fie. 33. 


This experiment was carried on with “dead steam,” which, 
according to Mr. Barrus, “may fairly be presumed to be dry.” 

_ Reference to Chart VI. (Fig. 32) will show that this is not a safe 
_ assumption, as when the flame was applied at 12:30 the upper 
thermometer remained steady for four minutes, showing no super- 

heat, while the lower thermometer rose 8 degrees, and continued 

rising until the temperature, after correction for superheat, showed 

-14degrees above the starting point ; in other words, the supposedly 

dry steam contained about three-quarters of one per cent. of 
- moisture. The steam pressure had remained constant in this case 
for one and one-half hours previous to the experiment. 

The following table gives the ventings of the lower thermom- 
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: eter of calorimeter A for different pressures and different methods "ae? be 
calibrating: 


_ CALIBRATIONS OF CALORIMETER A AT DIFFERENT PRESSURES AND BY DiF-— 
FERENT METHODS. 


| TEMPERATURE IN DEGREES FAHR. BY LOWER THERMOMETER OF CALORIMETER A. 


- Pressure Changed. 


by Re- 

cording | Quickly and Held at 
Gauge. | Different Points for 

8 to 10 minutes. 


Constant 
Pressure. 


Quickly and 
Continuously. 


Slowly and 
Continuously. 


Falling. | Rising. 


Falling. | Rising. 


Falling. 


290-297 

291-299 

293-299 
298 
2954 


_ It is worthy of notice that the calibrations with falling pressures 
_ approximate very nearly to those made with superheated steam, 
the radiation from the walls of the instrument evidently being 

: sufficient to dry the steam before it reaches the diaphragm. But 


_ instrument, and pressure of steam, it cannot fairly be relied upon 
give a correct calibration. 
_ Another experiment, although having no direct bearing on the 


‘somewhat interesting. 
_ With a view to determine the effect of slight leaks upon the 
_ Yeading of the instrument, the union V and flange & of calorim- 
eter B, Fig. 26, were loosened. It was expected that the leakage 
_ of steam in wetting the covering would cause the calorimeter to 
show less superheat than before. 

i Contrary to expectation, the reading was higher, and further 

investigation brought out some curious results. 

The experiment was begun with both calorimeters A and B 


| Dead : 
Steam | — 4 
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_ covered with hair felt one inch thick, and calorimeter B leaking as 


above mentioned. 

At 3:11 the covering was removed from calorimeter B. At 
3:14 part of it was replaced, and again removed at 3:19, the instru- 
ment remaining uncovered during the rest of the experiment. By 
3:24 all leaks had been stopped and the temperature had fallen to 
212 degrees. At 3:32 a leak was started at the diaphragm, and 
the temperature immediately rose some 80 degrees. At 3:39} 
the leak was increased, and by 3:45 the temperature had risen 
another 30 degrees. From then until the end of the test, at 4 
o’clock, the temperature continued to rise slowly and the phenom. 
enon was observed of an entirely uncovered calorimeter with a 
leak at the diaphragm showing more superheat than a calorimeter 
protected by an inch thickness of hair felt, the leaky calorimeter 
under these conditions evidently acting as a separator. 

This record of a few experiments undertaken by the writers 
with a view to throw some light on discrepancies arising in the 
use of throttling calorimeters is submitted to the Society in order 
to invite discussion. 


The adoption by this body of a standard method of conducting 
such tests would seem advisable, as certainly the results obtained 
by different engineers cannot be compared unless the methods em- 
ployed are exactly the same; and the determination of the per- 
centage of moisture in boiler trials will always be in discredit as 
long as “ doctors disagree.” 


DISCUSSION. 

Prof. R. C. Carpenter—I am very much interested in this 
paper, as we have been making a similar line of experiments, 
and I presume have obtained a similar difference in thermome- 
ter readings arranged as shown in the paper. 

My explanation of this difference, however, is very different 
from that given by Mr. Goubert, and, as I have some facts to 
back up my explanation, I think my reasoning is sound in this 
respect. For instance, the authors find a difference in the read- 
ing of the thermometers when they are arranged in a certain 
way. His conclusion from that fact is not that-the reason is 
due to variation in the sample, but that the calorimeters them- 
selves disagree and give inharmonious results. Now, it is that 
conclusion which I contest. I am certain that the reason of 
this variation is not due to any discrepancy in the instruments 


Linge 
ac, 
. > 
AS 
=. 
y 


SOME EXPERIMENTS WITH THE THROTTLING CALORIMETER. ll 


into these two instruments was not the same. In some 
experiments in Sibley College we arranged a vertical pipe with | 
glasses in the side so that we could observe the steam as it ie 
owing through the pipe. Similar constructions were tried 
both in a vertical and a horizontal pipe. In nearly every cane, ae 2 
when we would find a thermometer in a calorimeter to vary up 
e ys or down we could trace the cause to a drop of water which had 
si gotten in the sampling pipe and entered the calorimeter. I aig it 
think the author would have found that the cause of the appar- — Be 
ent change in the reading of the thermometers was entirely . 
due to corresponding variations of the quality of steam in the 
i - inst ument, and in no case to the instrument itself. 
It seems to me that in the use of the throttling calorimeter ae 
we should follow out as nearly as possible the methodlaiddown = 
ky Professor Peabody in his first description of the instrument. 
‘We may need to correct for any condensation in the instrument. 
We may need to correct for our readings of the thermometers..: 
_ It is impossible to get a thermometer, as we ordinarily would 
place them, at least, which will read the correct temperature of : 
the steam, because of the radiation of heat from the glass stem. _ a: 


The instrument itself when these corrections are made is not 
one which requires calibration. We should measure that heat __ 
accurately before and after it has passed the throttling orifice, 
and from these results compute the quality. It seems to me = ie 
that it is hardly fair to assume that any one condition of the oe. a 
“ steam i is one to which all results should be referred. Regard- 
73 ing the loss of heat from thermometers: it may be said that this 
is quite marked, as, for example, in trying two thermometers in 
two separate calorimeters, one of which was entirely immersed 
in steam, and the other clothed with felt two or three inches" 
Y thick ; the difference was never less than three degrees in the 


_ Now, as to the amount of error made by the difference in the 
readings of these thermometers. Professor Denton has very 
ably shown that there is likely to be a great variation in the 
‘samples of steam. I think there is quite certain to be such a 
variation. It should be noted that with this instrument you can 
have a very large difference in the reading of the thermometer 
without a very great difference in the quality of the steam. For 
instance, a difference of ten degrees in thermometers, when the 
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steam is 380, makes a difference of less than a half per cent. in 
our results. So you see that this thing, while it looks big on 
the thermometer, is in reality very small when we figure out the 
effect on the quality of the steam. My own notion is, from the 
results of our experiments, that the instrument itself is thor- 
oughly reliable, but that it is possible to get into it samples of 
steam which do not represent even approximately the average 
in the steam pipe. 

Mr. William Kent.—In the light of Professor Denton’s experi- 
ments, which show that the great difficulty with small throt- 
tling calorimeters is not due so much to inaccuracy of these in- - 
struments themselves as to the impossibility of obtaining a true 
average sample of the steam from the main steam pipe, it would 
appear at least possible that the variations in the results found 
by Messrs. Goubert and Peabody were due to the variations in 
the quality of the steam which entered the two calorimeters. 
Because the nozzles supplying the two calorimeters were in- 
‘serted opposite to each other in the vertical steam pipe, it by 
no means follows that the quality of the steam collected by them 
was identical. In some experiments which I made in 1892, re- 
ported in an article in the American Machinist of August 4 in 
that year, I made a comparison between a Barrus and a Heisler 
calorimeter. A perforated nozzle was inserted into the vertical 
steam pipe leading from the boiler, and the half-inch pipe leading 
from it was fitted a short distance from the pipe with a Y 
branch, to which was attached by short nipples the two calo- 
rimeters. By this contrivance it was expected that the samples 
received by the two calorimeters would be identical. In 22 
tests the highest apparent percentage of moisture found was 
0.57 per cent., and the lowest — 0.01 per cent.; that is, a very 
trifling superheating. The maximum difference at any time ob- 
served between the connected readings of the thermometers of 
the two calorimeters was 4 degrees Fahr., which would repre- 
sent a difference of 0.21 per cent. in the moisture, but the aver- 
age difference was only 0.3 degree, representing only about 
0.015 per cent. moisture. The results obtained by the two 
calorimeters were therefore practically identical. - 

Prof. D. 8S. Jacobus.—There are two ways of calculating the 
percentage of moisture indicated by the Barrus calorimeter. 
One is that recommended by Mr. Barrus, and the other is the 
way which Professor Carpenter has just peemneaiins in which the 
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theoretical formula is used. We have employed both methods. a 
The method which is recommended by Mr. Barrus is to cali- me 
brate the instrument with steam which he called “dead steam,” — - 
or steam obtained from a pipe open to the boiler shut off at a 
point beyond the calorimeter, so that the steam in the pipe is S 


practically in a state of rest, and call the reading of the lower _ 
thermometer under these conditions the reading for dry steam, ag 
or the “normal reading.” The other way, as I have just stated, 
is to employ the theoretical formula, which is based on the fact ee: 
that the total heat of the mixture of steam and entrained water = ee 
on the high-pressure side of the orifice is equal to the total heat | 
of the superheated steam on the low-pressure side. If the work — 
is carefully done, the two methods agree with each other to 
within one-fifth of one per cent. 

The method recommended by Mr. Barrus is the most con- bz 
venient and reliable, because the normal bolting, when properly — _ 


stant error there may be in the thermometer used to measure i +e 
the temperature of the superheated steam on the low-pressure 
side of the orifice ; whereas, if the theoretical formulais used, = == 
the effects of ¢ediation and the errors of the thermometers must __ 
be determined separately and allowed for. 

In obtaining the normal reading by experiment, the nipple im ag 
which furnishes steam to the calorimeter must be arranged so © 7 Ese 


that there is no possibility of moisture entering it along with — va 


the steam. We have obtained reliable readings with a nipple ee a 
with no side holes, which projected upward for several inches oir 
into a horizontal pipe. We have also obtained reliable read- __ 
ings by attaching the calorimeter to the separator which Mr. a 
Barras furnishes with his calorimeter, the separator being fur- __ 
nished with steam which does not contain over five per cent. of i rap 
moisture. In several cases we have endeavored to obtain reli- — ae 
able readings by means of nipples projecting into a vertical 2 4 
pipe, but have failed, probably on account of moisture which — an 


trickled down the sides of the pipe, or fell through the steam : ie ee 


in such a way as to be drawn into the nipple. a 

Having determined the normal reading, the percentage of ae 
priming is found by dividing the difference in degrees between 
the normal reading and the temperature registered by the lower 
thermometer, by the quotient of the latent heat in B. T. U. per ? 
pound . saturated steam at the initial pressure + 48. 
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If the theoretical formula is used all the measurements must 
be made with great refinement, otherwise there will be a con- 
siderable error in the result. The radiation of the calorimeter 
is an important factor, and has to be determined independently. 

We have determined the radiation of the calorimeter, or the 
“heat gauge”—as Mr. Barrus calls it in the description of his 
Universal Calorimeter—in two ways: The first was to place a 
mercury well in the pipe leading to the calorimeter of exactly 
the same pattern as the well used for the thermometer placed 
in the steam after passing the orifice, and determine the loss of 
superheat in superheated steam when passed through the calo- 
rimeter. The superheated steam was passed through the calo- 
rimeter at the same rate at which steam flowed through it when 
it was in service. To do this the orifice plate was removed, 
and the steam leaving the calorimeter was throttled so as to 
give the desired flow at some pressure slightly less than that 
which existed when the calorimeter was in use. When the 
steam was superheated it was brought to about the temperature 
of the steam which passed through the calorimeter under ordi- 
nary conditions. Tests made in this way indicated that the 
radiation of the heat gauge used in the tests given in my paper 
on calorimeters amounted to 2 degrees Fahr. of superheating, 
or one-ninth of one per cent. of priming.* In this case the heat 
gauge was covered with about 1} inches of hair felt, and the 
temperature of the air which surrounded it averaged about 120 
degrees Fahr. The radiation of 18 inches of horizontal half-inch 
covered pipe leading to the heat gauge was found in the same 
way to be equivalent to 1.7 degrees Fahr., or one-tenth of one 
per cent. of priming. 

In a test made at a recent date it was found that with no cir- 
culation of air, and a temperature of 97 degrees Fahr., the 
radiation of the heat gauge and the short length of pipe—six 
inches long—leading from the separator to the heat gauge was 
equivalent to 2} degrees of superheating. In this case.the heat 
gauge and pipe were covered with about 2} inches of felting. 

In another series of tests, with the same amount of felting, in 
which there was a gentle circulation of air about the calorim- 
eter, and the temperature of the air was about 85 degrees Fahr., 
the radiation of the heat gauge and pipe leading to. the separator 
was 3.8 degrees Fahr. The orifice in all of the above tests was 


* See table, Volume XVI., 7ransactions A. S. M. E., page 461. 
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“the 
one-eighth of an inch in diameter, and the weight of steam dis. ia e 
charged at 80 pounds pressure was about one pound per min- 
ute. In the calorimeters experimented on by the authors of the — 
paper the orifices were one-sixteenth of an inch in diameter, so 
that the radiation under similar conditions would be equivalent aoe 
to about four times the number of degrees of superheating that 
shown by my experiments. 
A second way of determining the radiation of the calorimeter, 
cu which we have employed as a check on the method just — 
i _ described, is to remove the orifice plate from the calorimeter of 
a re the radiation is to be determined, and place the calo- shy 
ve _ rimeter between a steam-supply nipple and a second calorimeter. 
‘The supply nipple was arranged so that no water could drip — 
into it, by employing a vertical nipple with no side holes, po 


jecting upward in a horizontal pipe, and the reading of thelower 
thermometer of the second calorimeter was determined for 
ei 2 saturated steam at a given pressure. The calorimeter of which 
awa the radiation was to be determined was then removed, and the 
second calorimeter was placed directly on the supply nipple, 
_ and a second set of readings taken for saturated steam at the 
- same temperature as before. The difference of temperature of 
the exit steam of the second calorimeter for the two conditions 
gave the radiation of the heat gauge. There was a slight cor- 
rection to be made on account of the fact that a portion of the 
_ radiation of the pipe which surrounded the lower thermometer 
of the heat gauge did not affect the reading of the lower thermom- 
eter, and after this was done the results agreed with those 
obtained by the first method. 

The radiation of the separator portion of the Barrus Universal 
Calorimeter was determined by means of superheated steam, 
as has been described in my paper on calorimeter,* and also 
by noting the condensation of steam when the exit from the 
separator was closed. By the first method the radiation 
amounted to 4 degrees: Fahr. of superheating, which is equiv- 
alent to the condensation of 2} ounces of steam per hour, or 
one-fifth of one per cent. of priming. The temperature of the air 
was about 100 degrees Fahr. With a gentle circulation of air 

at 75 degrees Fahr. about the separator the radiation deter- 
mined by the second method, or that of condensation, was found 
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to be equivalent to 3; ounces per hour. With a temperature of 
air of about 100 degrees Fahr., and no draught acting on the 
separator, the radiation by the second method was exactly the 
same as that determined by the first method, or equivalent to 
the condensation of 2} ounces of steam per hour. 

The pressures at the inlet and exit must be accurately 
measured, and the latent heat values in the theoretical formula 
must be those corresponding to the pressures. | 

The temperatures registered by the mercury thermometer 
placed in the exit steam must be corrected so as to correspond 
to those registered by an air thermometer, in order to apply the 
theoretical formula. To do this the mercury well in which the 
thermometer is placed may be surrounded with saturated steam 
at known pressures, and, therefore, at known temperatures by an 
air thermometer, as given in steam tables, and corrections may 
be obtained for all points of the scale. If it is inconvenient to 
employ the identical well in which the thermometer is to be 
used for such a test, another well of exactly the same size may 
be used. There may be a large variation in the readings of a 
mercury thermometer for different depths of immersion. For 
example, a Fahrenheit thermometer in which the 32-degree 
mark was 13 inches from the bottom of the bulb, and the 350- 
degree mark was about 134 inches from the bulb, read 7} 
degrees too low when immersed in a mercury well 1} inches 
deep which was surrounded with saturated steam at 120 pounds 
per square inch above the atmosphere ; 6} degrees too low in a 
well 23 inches deep ; 5} degrees too low in a well 3} inches deep; 
43 degrees too low in a well 5} inches deep; 2} degrees too low 
in a well 9} inches deep, and read correctly when entirely 
immersed. Special tests were made which indicated that all of 
the wells were of the same temperature, or that of the saturated 
steam, to within less than one-quarter of a degree Fahr., so that 
the above errors are entirely due to the fact that the stem of the 
thermometer was not immersed. 

The above errors are about equal to the theoretical errors cal- 
culated by assuming that the temperature of the mercury in the 
portion of the stem which projects above the well is equal to the 
temperature of the air which surrounds the stems. These large 
discrepancies show how very misleading the results may be if 
the readings of the thermometers are not corrected for the 
column of mercury in the stems which are exposed to the air, 
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and which consequently are not heated to the maximum tem- 
perature. 
_ The indications of the Bristol thermometer used by the oa 
oy - authors are not altered by the heating or cooling of the ome 
tube which leads to the bulb, so that it has an advantage of a ve 
mercury thermometer in this respect. The Bristol thermom- ag mS 
eter might also be graduated so as to record by an 
thermometer. 
superheated steam there will be larger than 
with saturated steam, because in addition to the errors caused 
by not heating the stems of the thermometers, there will be 
errors due to the fact that the wells will not indicate the exact —__ 
temperature of the superheated steam. _The form and thickness 
of the wells cause a difference in the case of superheated steam, = 
and a well having a thin neck and an enlarged end in the an 
‘space may give a higher temperature in the case of superheated 
steam than an ordinary well of the same depth. It is for this | 
reason that the mercury wells used for measuring the tempera- 
ture of superheated steam in my tests to determine radiation 
were made of precisely the same form and size. In the case of 
saturated steam it is necessary to take into account the depth 
only of the wells, as no appreciable difference is found for wells eee 
various patterns and thicknesses. 

At this point it may be well to explain our present method 
of calibrating thermometers by means of steam at various ail 
sures. The apparatus 1 is shown in Fig. 34. 

A is a reservoir formed of a length of 6-inch pipe, the top of 
which is closed with a cap. Seven mercury wells of various 
lengths, four of which are marked a, b,c and d in the sketch, 
are inserted in the cap. Steam is brought to a known pressure 
in the reservoir A, and in entering passes through water at 
the bottom of the reservoir. The water-glass C indicates the 
height of the water in the reservoir. The pressure is measured 
by means of the plug-and-weight device B. The bottom of the 
plug is on the same level as the pipe 2. D is a gauge which is 
used to show the approximate pressure. The U-shaped pipe 
i is filled with oil. Beforé measuring the pressure the pet- 
cock /’ is opened slightly in order to remove any air that may 
be lodged in the small pipe leading to the pipe H. The siphon 
Pis cooled by water contained in the can 0. The pet-cock J 
is used to remove any water that may collect at the lower part 
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of the pipe H, after which the pipe is refilled with oil at F 
The accumulation of water in H is caused by leakage of oil 
around the plug of the weight device, and as this is a small 
amount. there is but little water drawn from the pet-cock //. 
The valve Mis opened slightly during the tests, so that steam 
is circulated continuously throughout the apparatus. The steam 
— is adjusted by means of the throttle-valve K. The 


x 


Steam Supply 


vive Fie. 34, 

plug WV is removed for calibrations at atmospheric pressure. 

The valve Z is used to adjust the water level. S is a vessel to 

receive any mercury that may overflow from the wells. 

In measuring the pressure by means of the weight-device B 
the pan is spun around so as to eliminate the effect of friction. 
The diameter of the plug is 0.5 of an inch, and of the hole 
0.5005 of an inch, both being ground true. The average diam- 
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eter of the hole and plug is used in calculating the pressure. 
The difference in the pressure, if the diameter of the plug or 
the diameter of the hole were employed instead of the average 
diameter, would amount to about one-tenth of a pound in one 
hundred, and the corresponding variation in temperature would 

be about one-sixteenth of a degree Fahr. 

The weights, which are sealed bottles filled with shot, were 
adjusted so as to correspond with a standard set of kilogramme 
weights, which were in turn compared: with weights made by 
the Fairbanks Company. 

Special experiments have been made which show that the _ 
temperature indicated by a 3-inch, or longer, well filled with — 
mercury is the same as that of the saturated steam which sur- 
rounds it, and that the error of using a well as short as 1} 
inches which projects one inch into the steam space is less than 
one-quarter of a degree Fahr. for ordinary steam pressures. 
These experiments will be published at a future date. 

It is interesting to note how nearly the readings of mereury 
thermometers in use to-day agree with the readings of the mer- _ 
cury thermometers used by Regnault for measuring the tem- 
perature of saturated steam. Table I. gives the results obtained 
with six thermometers manufactured by Mr.H.J.Green. These 
thermometers were selected at random, and all, with the excep- 
tion of No. 817, had been used in previous tests. The readings 
given in the table ave corrected for any discrepancy at 212 de- 
grees, due to long use. All the thermometers were raised and 
lowered in temperature a number of times before taking the 
readings, so as to produce the corresponding amounts of de- 
pression and insure constant readings at given temperatures. 
It is seen that, taking the average of the four thermometers in 
which the degree marks were the longest, and which, therefore, — 
allowed closer readings to be made, the largest discrepancy is 
about one-half of a degree Fahr., which is the same as the pos- 
sible error due to reading the thermometers, as they could not 
be read closer than one-quarter of a degree Fahr. The ther- 
mometers were, of course, immersed to the full depth of the | 
mercury in the stems, so that all the mercury in the thermome- 


ters was brought to the maximum temperature. 
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TABLE I. 


READINGS OF MERCURY THERMOMETERS IN DEGREES FAHRENHEIT CORRESPOND. 
ING TO VARIOUS STEAM PRESSURES. COMPARISON OF READINGS OF THER- 
MOMETERS MADE BY H. J. GREEN WITH READINGS OF MERCURY THER- 
MOMETERS USED BY REGNAULT IN MEASURING THE TEMPERATURE OF 
SATURATED STEAM. 


Pressures in pounds per square inch above atmosphere at 
which readings were taken. 
Pressure of atmosphere, 14.70 pounds. 
NuMBER OF THERMOMETER. 


60 


808 
8084 


Average of first four....... 338.7 308.1 


= 


Reading of Reg- Ray d 339.1 308.1 


nault’s ther- 
mometers, Air?.... 337.6 ‘ 307.1 


Thermometer No. 817 has a stem about 19 inches long, graduated from 27 to 430 degrees Fahr. 
“ 900 “ 16 “ 15 450 ee 
“ “ 463 “ “ “ 94 “ 406 “ “ 


“ “ “ 90 “ 610 “ 
“ “ “ 80 **. 620 


* Not included in average, as the graduations were closer together than in the other thermom. 
eters, and the probable error of reading was therefore greater. : 

+The temperatures measured by the air thermometers are those given in the ordinary steam 
tables. 


The matter which I have presented shows how difficult it is 
to obtain correct readings with a calorimeter when all the con- 
ditions are constant. If the conditions are variable, as was the 
case in some of the tests made by Messrs. Goubert and Peabody, 
reliable readings cannot be obtained. When in their tests the 
steam pressure was raised and lowered there were considerable 
discrepancies, caused partly by the fact that the heating or 
cooling of the walls of the calorimeter produced a retarding 
effect, and partly by the fact that when the pressure was lowered 
in the steam-pipe the walls of the pipe tended to impart heat 


wall 
120 100 80 = 40 
| 
—  . , 1 1 | 8 4 5 6 
817 3513 | 839} 8254 8084 2873 
900 soit | 388; | 324: | 307% | 287 
463 351} 3383 324% 308 287 
461 8514 8383 8244 308 2874 
3503 838 3244 287 
821 351 3383 3244 

287.4 
— 
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two factors will account for a portion of the difference a 
they found. If the experiments were made correctly, there 
ae would be a difference of about 3 degrees Fahr. in the normal > 
reading for saturated steam which is slowly condensing and 

_ steam just at the point of superheating, and the 3 degrees given 
above is to allow for this difference. 


& 


moisture tests are to be received as accurate unless made by | , 
_ the use of a separator on the main steam pipe itself. 


‘bearing it has on tests of the performance of engines and boilers” 
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by conduction to the steam which it contained. In their tests ie 


to determine the normal reading by means of superheated steam fas ae 


there may have been an error in the reading of the thermometer __ 


point at which superheating began. We have found consider- _ 


able variation under such conditions with different forms of 
wells. If the temperature at which the steam began to super- 
heat was accurately determined, the normal reading which they 
obtained should have been higher with the superheated than © 
with the saturated steam, by an amount equal to 3 degrees . ; 
Fahr., plus the equivalent of the heat radiated from the small _ 
pipe leading from the steam main to the calorimeter. These _ 


Mr. George I. Rockwood.—It appears that in the future no a 


=, 


This is a new and a very important step which is here being 
taken, and it ought to be very fully realized what an important 


which we have heretofore regarded as quite accurate, tests 
which now must be thrown out as uncertain. ' 
Mr. W. B. Le Van.—I have heard a great deal to-night about — 
the amount of moisture in the steam, and a great deal of fine work 
being done to arrive at its percentage. Seven-eighths of the 
commercial boilers in use make wet steam and one-eighth dry 
steam. Now, if all this intelligence and time were spent in im- 
proving the wet-steam boilers, I think we would have no neces- 
sity for all this fine work and standardizing of calorimeters. 
There are several boilers made which produce dry steam, the 
Harrison, for instance. If the object of this Society is to benefit 
its members we ought to turn our attention to making dry steam ae 
in place of wet. I would suggest that the Harrison or similar a 
boilers be recommended, of which there is a number. eer 
A Member.—I have just been testing a Harrison boiler, and it 
threw off 10 per cent. of moisture. 
Mr. Le Van.—I find that at the International Exhibition at 
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Philadelphia in 1876 the following-named boilers made dry 
superheated steam : 


Wiegand 13.40 superheated 


aif Harrison 


It will be seen from the above that boilers can be built to 
produce superheated steam in place of saturated steam, if it is 
desired. 

I insist and maintain that if a boiler is properly constructed 
and erected, superheated steam can be produced and maintained, 
especially in view of statements made by Professors Carpenter 
and Jacobus during the discussion on calorimeters. 

Mr. H. C. Spaulding.—Will Professor Carpenter kindly explain 
his statement regarding the presence of superheated steam in 
contact with water, and state under what circumstances this may 
occur? 

Mr. Carpenter.—I think the thing is entirely reasonable, if we 
only think of the nature of superheated steam ; it is practically 
a gas, and is a poor conductor of heat. 

Mr. Jacobus.—That is so. 

Mr. A. A. Goubert.*—In closing this discussion I would say that 
Mr. Kent’s remarks are evidently founded on a misapprehen- 
sion. Calorimeters A and B, which were identical and connected 
opposite each other; taking steam from the centre of the steam 
pipe, always gave results practically alike ; but ealorimeter C is 
the one whose results are shown to be different, due evidently 
to longer connections, and the variations as shown on Charts I. 
and IL., between the readings of the three thermometers at 0, L, 
and P, all on the same or low-pressure side of the diaphragm, 
point to the necessity of a calibration. Every one of these ther- 
mometers will give correct results, providing that the instru- 
ment is calibrated with that thermometer. 

In regard to Professor Carpenter’s remarks, it seems that the 
same answer applies: A and B always read alike except when 4 
change is made in the one such as adding extra covering. 
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2 ial into the horisontal pipe in the way recommended . 
Professor Denton. 
The purpose of this payee is to invite discussion. It is not 


is + what I want to find out myself. The fact is that I have 
he : repeatedly had my attention called to calorimeter tests made by 
ae - different engineers and in different places, and in which the an 
ne results have been extraordinary, to say the least. I have in 
one instance where the sampling nipple was placed on the 
‘ame inner bend of a long vertical elbow, with the result that it was 
claimed the steam contained 47 per cent. of moisture, while a ae be 
test made on the same boiler with the nipple located in a dif-— o: i 
ferent place gave perfectly dry steam. 
a _ In another instance the calorimeter was connected at the end => 
a of a three-quarter-inch pipe, 18 feet long, and covered with a io 
single thickness of burlap. 
: e So that in view of Professor Denton’s paper on the proper — ty 
fa method of sampling steam, and our experiments showing how 
= easily error in the readings can result from different methods of 
= _ handling the instrament, I think myself justified in suggesting 
ee to you the necessity of adopting a standard method of making 
__ ealorimeter tests if we desire comparable results. 
Mr. F. W. Dean.—I presume I know the tests to which Mr. 
re Goubert refers, in which he says a great amount of moisture 
_ was found, and which he says is easily accounted for. I did 
not make the tests, but I know something about them, and I do 
rae not think the difficulty is so easily accounted for. Some dis- 
: tance from the side of the main pipe there was a collar on the 
_ Sampling pipe, and the holes which took the steam were drilled 
in such a way as to sample the steam equally from the different 
layers of the main pipe. We may imagine that through the 
centre of the main pipe a cylinder of steam went along, and 
then outside of it a hollow cylinder of steam, and so on, until 
the pipe was entirely taken care of. Now, if that large collec- 
tion of moisture ran down the side of the pipe, it would be 
impossible for it to get on to the sampling pipe, because the 
collar would prevent it. All those difficulties were foreseen 
and provided for, and the whole apparatus was very carefully 
inspected by several different engineers, and they were unable 
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to criticise it. The amount of moisture given in that case varied 
with the forcing of the boiler. As the boiler was forced more 
and more, the amount of moisture increased. 

Personally I have never been able to get any such amounts of 
moisture from the same kind of boiler, even when forced about 
as much; but I am unable to see that any blunder was made in 
this case. 

Mr. Boyer.—I would like to speak about the result of several 
tests made where calorimeters were used. In making the first 
test we placed one so that the steam came into the sampling 
pipe, as shown by Mr. Dean. I think we got about 1.6 per cent. 
of moisture. The result was criticised. It was said that our 
tests were all wrong. Professor Schwamb inserted his calorim- 
eter in the opposite direction, and he got two-tenths of one per 
cent. more than we did. . 

Mr. Dean.—The boilers were on a lower level, and about 
20 feet above the boilers the calorimeters were inserted, and 
the steam moved upwards. Now, as I say, if any moisture 
tended to run back on the main pipe, it was hardly probable 
that it could pass the collar. The tendency was to sweep every- 
thing upwards. 

Mr. Kent.—What was the maximum moisture ? 

‘Mr. Dean.—I think it was 47 per cent. I did not take oa 
part in those experiments, but I think that was it. It varied 
from 1 per cent. up to 47. 

Mr. Kent.—Wasn’t it the foaming in the boilers? 

Mr. Dean.—I do not know of any reason why the boiler should 
have foamed. I tested a boiler of the same kind, a Babcock 
& Wilcox boiler, and got only a little over one per cent. of 
moisture. 

Mr. Kent.—I made the sehemnend a while ago that I never got 
over 3 per cent. of moisture. There was one case where I 
got an enormous amount of moisture, and that was because the 
boiler was supplying steam to a tremendous plant which was 
not using the steam, so there was a large amount of condensa- 
tion, and that water was all running back into the boiler ; but 
that was an unusual case. There may have been some similar 
conditions in this case. 
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THE RELIABILITY OF “THROTTLING CALORIMETERS.” 


THE RELIABILITY OF THROTTLING 


BY JAS. E. DENTON, HOBOKEN, N. J. j 


(Member of the Society.) 


leading firm of builders of boilers + to determine : 
First. Whether it is, or is not, true that the proportion of — 
moisture in steam as determined by the accepted methods of using — 
a “throttling calorimeter” may be considerably in excess of the — 
true proportion of such moisture. hs, 
Second. The conditions under which “throttling calorimeters” — 
should be used, or the precautions necessary in using them, in — 
order to insure practically accurate conclusions regarding the pro- - 
portion of moisture in the steam under examination. 


The investigation has divided itself into the following parts : a 
he entire output of steam from a seventy-five horse-power 


boiler was. made to contain known amounts of moisture while 
flowing through a three-inch pipe, the determination of the true — 
percentage of moisture being made to depend entirely on actual 
weighings of the steam and water involved. (See Fig. 35.) e.’ 
The outlet from the three-inch pipe was connected with a — 
seventy-five horse-power separator, and with a large throttling — 
chamber, so that the principle of the small “throttling calo-— 


*Presented at the New York meeting (December, 1895) of the American 
Society of Mechanical Engineers, and forming part of Volume XVII. of the = 
Transactions. 

+The experimental data covering parts of the investigation have been pre- 
sented to the Society, in two papers, by Prof. D. 8. Jacobus; Volume MVI., 
pages 448, 1017. 

Babcock & Wilcox Co. of New York. = 
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rimeters with separator attached ” could be applied to the entire 
amount of steam mixture flowing through the pipe. Thereby it 
was determined that the principle of the “throttling calorimeter” 
was entirely reliable as a means of determining the percentage of 
moisture of any mixture which passed through it, (See Table A.) 


ahi 


ss Small “ throttling calorimeters ” were applied to the three-inch 
pipe, with the ordinary arrangement of perforated nipple, and it 
was found that the percentage of moisture shown by them varied 
considerably from the true percentage, when the conditions were 
such as to make it probable that the moisture was separated from 
the steam or was not distributed throughout the latter when it 
collided with the nipple of the calorimeter. For instance, when 
the true moisture was 21 per cent. and 17.6 per cent. respectively, 

the small calorimeter showed 54.6 per cent. and 50.8 per cent. — as 


IIL* 


a be Small calorimeters were applied to the three-inch pipe at the 

exit from the 75 horse-power separator, with the drip-pipe to the 
separator closed, under conditions which fairly insured the thor- 
ough distribution of the moisture throughout the current of steam 
when the latter collided with the calorimeter nipple, and it was 
found that, while the percentage of moisture shown by them was 
still liable to exceed the true percentage, the discrepancy was 
much less than when the conditions were such as to favor the 
accumulation of the moisture at some part of the surface of the 
pipe. For instance, when the true moisture was 0.5 per cent., 
0.8 per cent., 1 per cent., 1.6 per cent., 2.5 per cent., and 19.1 per 
cent., respectively, the calorimeter showed 1 per cent., 1.5 per 
cent., 2.2 per cent., 3.6 per cent., 5.5 per cent., and 31.8 per cent. 
(See Table B.) 


Conctusions From I., II., ann III. 


The results of I., IL, and III. made it evident that, while the 
small “ throttling calorimeter” might be relied upon to determine 
correctly the amount of moisture in the sample of steam and 


* See paper by Prof. D. 8. Jacobus, Transactions American Society of Me- 
chanical Engineers, Volume XVI., p. 448. 
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ae water which is drawn into the instrument from the larger volume 

of mixture in a steam main, the percentage of moisture in such a 1 i 
may largely exceed the percentage in the steam main, if 
the moisture in the latter separates itself from the steam so as “ . 
; ee accumulate at the point of connection of the calorimeter. It be- 
a came necessary, therefore, to determine whether, under the usual 
- eonditions of good boiler practice—that is, for conditions where 
the moisture does not exceed one and one-half per cent.—there 
can be such a separation of the moisture from the steam so as to 
ans the erratic of the calorimeter. 


Bs: To investigate this question two sets of experiments were made, 
namely : 

a (a) Two* small Barrus calorimeters were arranged with an 
open. ended nipple working through a stuffing-box by means of a 
screw, so that the end of the nipple could be. moved radially in a 

| steam main. One calorimeter was attached to the 12-inch hori- 

- gontal main of a 500 horse-power boiler, at its bottom, and the 

ates at about four inches along the circumference away from 

_ the bottom point. By one of the screws controlling the nipples, 

d the inner open end of the latter could be located anywhere in the 
_ pipe, from flush with its inside surface to seven inches beyond the 

latter. When the boiler was known, by means of the absence of 

_ drip from a separator, beyond the calorimeters, to be generating 
dry steam, the bottom calorimeter showed dry steam when the 
end of its nipple was more than one and three-quarters inches 
away from the side of the pipe, and from 35 per cent. to 47 per 
cent. of moisture when it was at less than this distance away ; 
while the other calorimeter showed no moisture at all possible po- 
sitions of its nipple. (See Table Part IV.[a].) The actual weight 
of water which passed through the calorimeter when it indicated 
47 per cent. of moisture, represented only about one-third per cent. 
of moisture in the output of the boiler. The results, therefore, con- 
firmed the hypothesis that less than one-half per cent. of moisture 
ina steam main might separate itself from the steam, and accu- 
mulate at the bottom of a pipe in a stream which would impinge 

against a calorimeter nipple in its path so as to flow up the side 
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.., and into the orifice of the latter, thereby causing the indications 

a te of the instrument greatly to exaggerate the true percentage of 
moisture in the main. Evidently, if this hypothesis was correct, 

the extent to which moisture could separate itself between the 

nip outlet for steam from a boiler to the point where a calorimeter 

was attached would depend upon the velocity in the steam main, 
the diameter of the latter, and the distance from the boiler outlet 
- = to the calorimeter. In other words, the moisture, in dropping out 
a of the steam in a horizontal pipe, would probably roughly follow 
the law of a falling body, and to ascertain how far this was the 

case we undertook experiment 
(6) The same apparatus was used as described above in connec- 
tion with I., II., and III., except that the 75 horse-power separator 
was omitted * (see Fig. 37), and the small “throttling calo- 
a _rimeter ” was connected “with an open nipple, whose inner end was 
ae _ flush with the inside of the three-inch pipe. The moisture was 
created in the steam by circulating cold water through a pipe 
located within the three-inch steam main. After passing the small 
calorimeter the steam was throttled in the drum J, and from the 
indications of the latter, and those of the small calorimeter, the 
per cent. of the total moisture in the three-inch main was accu- 
_ ae determined. The amounts of moisture created in the three- 
Sees! inch main were confined to from one-half to ten per cent., and the 
ee af velocity of flow was varied from 15 to 65 feet per sevond by vary- 
2 ing the rate of steam generated by the boiler from 20 to 90 horse- 
power. 

7 The results (Table C) clearly indicate that, in travelling a little 
- more than twice the distance in the three-inch main—which would 
he necessary in order for a body to fall by gravity through the 
diameter of the pipe—practically all of the moisture in the steam 
main would escape through the calorimeter. =” 

ConcLvsions. 


_-‘These results afford, I think, a key for the explanation of the 
erratic indications of “ throttling calorimeters ” in practice, which 
all extensive users of them have met to a greater or less extent. 
_-Variations in the proportions and arrangement of nipples, in the 
rate of evaporation, relative location of calorimeter, and position 


* See paper DCLII., by Prof. D. 8. Jacobus, Transactions American Society 
of Mechanical Engineers, Volume XVI., p. 1017. 
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of steam mains leading to the point of attachment of the latter, 
will give rise to an infinite variety of results in the degree of the © 
error which may be involved in the use of the instrument. on 
All parts of the surface of any form of nozzle inserted inthe ~~ 
steam main will act as a collector for moisture, which will adhere 
to the metal so as to resist being detached by the comparatively a 
swift main current of steam, but which will allow itself to be = 7 
gradually drawn into the nozzle by the gentler current of steam 
which flows into the calorimeter, because the latter has only to “ 
overcome the resistance to sliding of the water along the metal. 
Under this view there seems to be no possible method of | 
depending solely upon small “throttling calorimeters” to deter- 
mine with certainty the percentage of moisture in a steam main. 
By using several instruments simultaneously, with the orifices of 
the nipples located at different parts of the cross-section of the ~ 
main, or by making the nipple of a single instrument movable so 
as to explore the interior of the pipe, an approximately correct 
judgment may ‘be made regarding the average moisture, which 
will be sufficiently complete for commercial purposes. | 
By combining a single calorimeter with a separator acting on 
the whole current in the steam main, however, the source of error | 
in the calorimeter may be so far eliminated as to make its indica- e : 
tions reliable. This method is based upon the fact that, by using 
a separator of sufficiently large proportions to confine the velocity 
of flow within certain limits, the moisture in the steam leaving” = ee: A 
the separator can be reduced from any probable amount toa 
small fraction of one per cent. For example, in the case of the . 
three-inch Stratton separator, if the velocity of flow is not more = 
Se one thousand feet per minute, with twenty-seven per cent. of — bis 
moisture in the steam entering the separator, there is practically — ge 
no moisture in the steam which leaves it. If, therefore, a small = 
“throttling calorimeter” be applied to the steam main at the exit Pr hg 
from such | a separator, the small amount of moisture there,and = 
the fact that it will be thoroughly intermingled with the steam, 
make it reasonably certain that its indications will be correct for — as 
ny arrangement of nipple, and, by combining these with a ue 
‘determinations of drip from the separator, the moisture in the — ‘ope : 


‘steam generated by the boiler may be completely and — me: 
determined. 
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i 


GENERAL ARRANGEMENT OF APPARATUS FOR EXPERIMENTS. 

- ‘The principal arrangements for the investigation are shown by 
Fig. 35. 

Steam was drawn from boilers by a three-inch pipe A. The 
latter was enlarged to six inches at B, whereby the velocity of 
the flow of steam was made sufficiently low to enable its tem- 
perature to be accurately determined by means of the ther. 
mometers C and D. As the steam flowed past the points & and 
F,, a stream of water was injected into it by means of the pump 
W, from a reservoir W,, the rate of injection being regulated by 
means of the water meter G,. When the water was injected at 
G it issued against the steam in an unbroken stream through 
small orifices; but when it was injected at /’ two streams of 
water, at an angle, were made to impinge against each other so 
as to spatter into a fine spray.* 

The mixture of steam and water then passed a three-inch 
Stratton separator X. The water was withdrawn from the latter 
by the valve X,, whence it passed into the weighing barrels Y 
and Y,, the level in the water-glass , being maintained at about 
one inch above its lower end. 

The steam leaving the separator passed through the globe valve 
M into a drum N, twelve inches in diameter and about five feet 
long, the valve MY being regulated so that while at J the desired 
boiler pressure was maintained, the pressure in JV, as shown by 
pressure gauge U, would not be more than a fraction of a pound 
above that. of the atmosphere. The temperature of the steam 
being given by the thermometers O, P, and Q, this drum con- 
stituted a “throttling calorimeter” adapted to receive the whole 
amount of steam operated upon. 

The small calorimeters to be tested were applied at S and 4, 
the separating attachment and throttling device being both used 
for these two positions. The throttling device was also used 
alone at position S. 


* It was thought that the injection of the water as spray would be necessary 
to enable it to have acquired the temperature of the steam before it left the 
separator, but it was found that both methods of injection were equally effective 
in this respect. 
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From the steam flowed to a surface condenser f, in which 
it was condensed so as to be weighed in the barrels T an aT. | 

All parts of the apparatus were well insulated with canvas- ae 
covered hair felt. 
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EXPERIMENTS PROVING RELIABILITY OF enon or “ THROTTLING 
CALORIMETER.” 


With the small calorimeters disconnected so that all of the 
steam from the boiler flows to the Stratton separator, the latter 
separator combined with the throttling drum JV represents a 
“throttling calorimeter,’ with separator attachment, which 
operates upon the whole current of steam under examination. 

The total weight of mixed steam and water entering the sepa- 
rator is the sum of the weights collected in Y and Y,, 7 and 7, 
If the steam at B is slightly superheated, its condition as received 
from the boiler is determined by the thermometer C or JD. 
Then, knowing the weight of water injected from W,, and that 
the latter is heated to the temperature corresponding to the 
pressure of the steam at /, by means of the thermometers 7 and 
LI, the percentage of moisture in the separator is determinable. 
Therefore, the proportion of this moisture eliminated by the 
separator, or the percentage of the moisture in the steam leaving 
the latter, is determinable from the amount of water collected in 
Y and Y.. 

The result of this determination of moisture, based upon abso- 
lute weights, being compared with the indication of the drum 
used as a “throttling calorimeter,” enables the truth of the 
“throttling ” principle to be tested free of any question as to 
whether the sample of the steam acted on by the calorimeter 
represents the quality of the whole. 

The results of this comparison are given by Table A, which 
shows that the true percentage of moisture of the steam leaving 
the calorimeter (column 4), determined by weight, agrees with 
that determined from the drum (column 5), by the usual process 
of estimating the moisture from the temperatures and pressures, 
the differences being within about two-tenths of a per cent. of 
the average of the two methods. This difference is within the 
accidental error of either method. 

An example of the steps involved in calculating the percentage 
of moisture from an experiment is appended. 

We may conclude, therefore, that a “ throttling calorimeter ” 
with its separating attachment will correctly indicate the propor- 
tion of moisture in any mixture which is made to pass through 
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rimeters which act upon a portion, or aan only of the total vs ‘ 

steam under examination is reduced to this: Can the sample of 

mixture of steam and water which a small “ throttling calorim- i 
eter” draws through itself in a given time, out of a steam pipe or 
reservoir, differ considerably nm quality from that of the whole oa 
quantity of mixture which flows through the pipe im the same 
tame ? 

To answer this question we made the following experiments : 


_-BXPERIMENTS TO DETERMINE THE DIFFERENCE BETWEEN THE QUALITY 
OF A SAMPLE OF STEAM DRAWN FROM A THREE-INOH PIPE BY 

“ PEROTTLING CALORIMETER” AND THAT OF THE TOTAL QUAN- 

TITY OF STEAM FLOWING THROUGH A PIPE. 


A “throttling calorimeter,” with its separator attachment, of 
Biss the standard Barrus proportions, carefully calibrated for radiation oe 
_-with superheated steam, was attached at H, Fig. 35,by a vertical 
half-inch nipple tapped into the bottom of the three-inch pipe. 
| The nipple projected two and one-half inches into the three-inch a ir 
pipe. It was closed at its inner end, and perforated on its cylin; 
drical surface with twelve one-eighth-inch holes, the lower row of a 
holes being three-eighths of an inch within the pipe. Steam from ne 
the boiler. at 78.5 “pounds pressure, which was superheated 30 
degrees when passing B, received water at G at 60 degrees Fahr., 
so that the total mixture flowing at /' was 1,916 pounds per hour. 
Assuming * that the injected water was raised to the tempera- 3: 
ture corresponding to the pressure, the per cent. of moisture at H - 

was 21.0 per cent.; but the calorimeter gave the moisture at 54.6 — 
per cent. 
In the second experiment, in which 2,044 pounds of mixture 
p flowed through the three-inch pipe per hour, the correct maximum 
moisture was 17.6 per cent., and by calorimeter 50.8 per cent. In 
these experiments the water was injected at G in a broken stream 
through one thirty-second of an inch perforations. It is probable, 
therefore, that the majority of it lay upon the bottom of the pipe. 
These two experiments may, therefore, be taken as examples of 


Tr *This assumption makes the true moisture a maximum, and it therefore 
insures a minimum vaiue for the discrepancy of the calorimeter. 
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the errer to which “ throttling calorimeters ” are liable when con- 
siderable moisture may accumulate at the point in a steam pipe 
where the instrument is attached. To avoid this particular con- 
dition of the moisture we made the following experiments : 


EXPERIMENTS IN WHICH THE MOISTURE WAS THOROUGHLY MIXED WITH 
THE STEAM. 


A Barrus “throttling calorimeter,” Z,-without its separator, 
carefully calibrated for radiation, was attached at Z, Fig. 36, 
beyond the Stratton separator. Superheated steam at B was 
mixed with water at /, and the mixture sent through the system 
to the condenser without draining the Stratton separator. After 
the flow through the system had continued a short time the level 
of the water in the water-glass of the separator remained un- 
changed. A constant mixture was, therefore, leaving the separa- 
tor, and in issuing from the outlet of the latter into the three-inch 
pipe at Z there must have been a thorough intermingling of the 
water and steam. 

Under these conditions the “throttling calorimeter,” attached 
with a vertical half-inch nipple (Fig. 35), closed at the inner end, 
and perforated with twelve seven-thirty-seconds-inch holes, none 
of which were less than three-quarters of an inch from the side 
of the main—a common arrangement of the instrument in prac- 
tice—the results in lines 1 to 6, Table B, were obtained. These 
show that with from 2.5 to 36.5 true per cent. of moisture the 
calorimeter showed from 5.5 to 47.9 per cent. 

Again, with the calorimeter attached with a horizontal half. 
inch nipple closed at its inner end and perforated with six seven- 
thirty-seconds-inch holes, none of which were less than three- 
quarters of an inch from the side of the main, the results in lines 
7 to 12 were obtained. Whence it is seen that with from 2.3 to 
57.2 true per cent. of moisture, the calorimeter gave from 6.3 to 
46.9 per cent. 

Again, the calorimeter was attached with a vertical half-inch 
nipple closed at its inner end, with a rectangular slot one-quarter 
of an inch wide by one inch long, as an orifice, the latter’s centre 
7 height being at the level of the centre of the three-inch pipe. 

~ Then, by lines 13, 14, and 15, with the slot away from the 
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moisture, the calorimeter 


showed 5.6 per cent.; with the slot facing towards the boiler the 
true per cent. of moisture was 1.4 per cent., and the calorimeter 
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the current 1.2 per cent. of moisture in the steam caused the calo- 
rimeter to indicate 2.5 per cent. 

Again, in lines 16 to 19, with a horizontal nipple with 6 holes 
seven thirty-seconds of an inch in diameter, with from 0.5 to 1.6 
per cent. of actual moisture, the calorimeter showed from 1.0 per 
cent. to 3.6 per cent, 


Part IV. (a). 


ABSTRACT OF RECORD OF TWO CALORIMETERS WITH MOVABLE NIPPLES APPLIED 
TO TWELVE-INCH MAIN DELIVERING ABOUT 500 HORSE-POWER. 


CALORIMETER No. 2, 
Inches out SEPARATOR. 
Inner 


CorRECTED TEM- CorRECTED TEM- 
PERATURES, {Pounds of|po. cent. PERATURES, porcent. 
EGREES Faure. |Drip from of shove DEGREES Faur. age of 
3 Priming.| side of Priming. 


Upper. | Lower. Pipe. Upper. | Lower. 


CALORIMETER No. 1 at Bortom or Pirz. 


0 
0.33 
0.66 
1.00 
1. 
2. 
3. 
4 


09 
Go G2 


* Radiation of calorimeter, 0.4 per cent. 


Part IV. (8). 


EXPERIMENTS MADE TO PROVE THAT AS LITTLEAS ONE PER CENT. OF 
MOISTURE WILL SEPARATE ITSELF FROM STEAM IN A HORIZONTAL 
PIPE, AND, FLOWING ALONG THE BOTTOM OF THE LATTER, WILL 
ESCAPE THROUGH A “ THROTTLING CALORIMETER,” AND THEREBY 
TEND TO CAUSE THE PER CENT. OF MOISTURE SHOWN BY THE 
LATTER TO VARY CONSIDERABLY FROM THE TRUE AVERAGE PER- 
CENTAGE IN THE STEAM MAIN. 


3 The general arrangement of apparatus for conducting the tests 

| ; on the three-inch horizontal pipe is represented in Fig. 37. The 
results are given in Table C. 

Superheated steam entered at A and passed through a three- 

inch pipe surrounding a cooling pipe B. The cooling water 

entered at Cand passed off at G. After passing the cooling pipe 


= 


7) 
Boiler | 
ae Test Pressure, 
Minutes, | Pounds. 
iy 4 . 1 2 3 4 5 6 | 7 | 8 9 10 
20 90 | 5.2 | 881 | 280 | 0.55 
10 96 885 284 57.36 47.0 
ee Do 10 99 | 338 | 286 | 80.00] 32.0 838 | 287 | 0.13 
oJ 10 96 834 285 11.78 15.5 835 287 0.05 
10 94 | 3834 | 286 0 o* 
Q 90 | 330 | 284 0 o* 
3 95 | 334 | 286 0 o* 
3 95 835 286 0 0* 
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the steam passed through a device at D which thoroughly mixed 
the steam with the water. This consisted of two plates placed 
about one inch apart, in which were two holes about seven-eighths 
of an inch in diameter. The hole in the first plate encountered 
by the steam was at the bottom of the pipe, so that all moisture 
in the steam would be drawn from the bottom of the pipe. The 
steam and moisture then passed upward between the plates, and 
out of the hole in the second plate. The hole in the second plate 
was placed near the top so as to introduce the steam and moist- 
ure near the top of the three-inch pipe #. The calorimeter was 
attached at V. is the separator portion of the calorimeter, and 
ZI the heat gauge. The temperature and pressure of the steam 
were measured on leaving the pipe / by means of the thermome- 
ter H and the pressure gauge J. The thermometer H was placed 
in a mercury well having an enlargement at its lower end anda 
thin neck. The steam was throttled by means of the valve 4 
from a pressure of about 80 pounds above the atmosphere in the 
pipe £' to about the pressure of the atmosphere in the twelve-inch 
drum 1. The temperature of the steam after throttling was 
measured by a thermometer Q, placed in a mercury well, and by 
a thermometer P which came in direct contact with the steam. 
The pressure in the drum VV was measured by means of a mercury 
gauge. The steam flowing into the drum J was led to a surface 
condenser, and finally weighed. 

The amount of moisture in the steam passing through the valve 
MM was indicated by the amount of superheating in the twelve-inch 
drum V. This moisture, added to the moisture in the steam enter- 
ing the Barrus calorimeter, gave the total moisture contained 
in the steam passing through the three-inch pipe. Corrections, 
determined directly by experiment, were made for all radiation. 
The factor of 0.48 for the specific heat of steam was employed in 
calculating the percentage of moisture; and special experiments 
were made to show how nearly this method would agree, in the 
case of the twelve-inch drum, with the experimental normal read- 
ing for dry steam. These experiments, from the nature of the 
apparatus, could be made only with steam just at the point of 
superheating, or with slightly superheated steam. 

Three series of tests were made. In the first there was no 
mixing device placed at D. In these it was found that the ther- 
mometer H would indicate superheating with considerable moist- 
ure entering the calorimeter nozzle V. The second series of 
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tests were made after adding the mixing device D. In the third 
series of tests the three-inch pipe containing the cooling pipe B wi 
was lowered, together with the mixing device D, and steam 


pipe into the pipe £. This caused the steam which was admitted 
me to #' to pass upward through a vertical pipe, then turn through an 


elbow into the pipe #. The object of the latter arrangement was 
bars to make the mixture of steam and water enter the pipe Hat the — 


iienatahabade hole in the mixing device D, it was initially 
. al a much greater velocity than the average velocity in the pipe 
_ £, but it was considered best to make tests in this Way so as to 
have one set of tests in which the conditions were as severe as 
possible. 
In all these tests no pains or expense were spared to secure 
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__ calibrated in regard to their indications when immersed to the 
| particular depths at which they were used in mercury wells. The 
standards of temperature were established by Regnault’s steam 
tables, the necessary steam pressures being determined by three 
different bases. The radiation losses were " determined with great 
care, and the question of the applicability of Regnault’s value for 


oirs and by special experiments. 
The details of these operations are given in papers by Prof. D. 
Jacobus, Transactions American Society of Mechanical Engi- 
neers, Volume XVI., pages 448 and 1017, which, however, inade- 


quately show the amount of painstaking labor and rare skill which 
he has supplied during the investigation. 
és 
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TABLE A. 


TESTS WITH UNIFORM PERCENTAGE OF MOISTURE FOR CALIBRATION OF 
TWELVE-INCH Drum JN, PuaTE A, FoR USE ON A LARGE ‘‘ THROTTLING 


CALORIMETER.” 


© 


Pounds of dry steam 


per hour. 


Horse-power at 30 pounds 


of steam per hour. 


TRUE PER- 
CENTAGE 
oF Moist- 
URE BY 
WEIGHT. 


at 12’ drum. 


Per cent. of moisture 
Boiler pressure, 


Entering 
Leaving 
separator. 


separator. 


eit. 
Temperature of water 


erheatin 
renheit. 


Fahren 


arator, 


pounds. 
es of su 
leaving se 


degrees Fah U 
Number of Group. 


| | Degre 


[= | 


of experiments aggregating min.. 


san 


ROO 


SRRSESSE 


GOTOH 


TABLE B. 


CoMPARISON OF ACTUAL PERCENTAGES OF MOISTURE WITH AMOUNTS INDI- 
CATED BY A ‘‘ THROTTLING CALORIMETER,” STEAM PASSING THROUGH A 


THREE-INCH HORIZONTAL PIPE. 


| a | Number of test. 


COW 


CHARACTER OF NOZZLE. 


Steam passing through 
per hour includ- 
moisture shown 


in Column 6. 
Pressure of steam in 


pounds per sq. inch 
above atmosphere. 

moisture determined 
by weighing water in- 
jected into ste’m pipe. 


Percentage of moisture 
Correct percentage of 


by Barrus caiorimeter. 


| = | 


Vertical nozzle No. 1 with 12 holes J, inch | 
diameter. 


Horizontal nozzle No. 3 with 6 holes % 
inch diameter. 


Nozzle No 4, slot away from current..... 
“toward current. 
right angles to current. 
Horizontal nozzle No. 3 with 6 holes 4% 
inch diameter.* 


Dodi 


Shon 
HMO WD DO 


Separator of calo- 
rimeter, and heat 


gauge, both in 
use. 


Only heat gauge of 
calorimeter in use. 


* In these tests the true percentages of moisture given in Column 6 were calculated from the 
superheating of the steam in the 12-inch drum, which was shown to give the same results as those 
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TABLE C. 


PERCENTAGE OF TOTAL MOISTURE ENTERING A THREE-INCH HORIZONTAL 
STEAM PIPE THAT IS REMOVED BY A ONE-HALF-INCH DRIP PIPE. 


The moisture in each case was either thoroughly mingled with the steam or the greater part of — 
it was near the top of the three-inch pipe at a point eight feet distant from the one-half-inch drip 
pipe. Much of the moisture had, therefore, to fall through a distance nearly equal to the diam- 
eter of the three-inch pipe before it was drawn out at the one-half-inch drip pipe. 


PERCENTAGE OF MolistT- 
URE IN STEAM PassING | percentage of 
Velocity of | THRovGH THREE-INCH | tota] moisture 


Number | steam in PIPE. removed by the 

of three-inch half-inch drip 

THE 1ES “ test. pipe in feet pipe leading to 

persecond.| Before After he Barrus 
reaching calorimeter. 
drip pipe. p_pipe.* 
1 2 3 4 5 | 6 
1 65.1 3.9 2.2 45.6 
First Series of Tests. Moist- [ 2 64.7 1.9 0.9 55.7 
: ure produced by the cool- 3 63.3 1.5 0.4 71.7 
ing pipe marked B in Fig. 4 52.3 1.6 0.3 84.4 
. 35. No mixing device at D. 5 52.2 4.2 1.6 62.8 
6 41.9 3.3 0.3 91.5 
‘an : ( 7 38.1 4.8 0.6 88.6 
° 8 38.1 2.6 0.5 82.8 
i 9 38.1 2.4 0.4 85.6 
ay: 10 38.1 0.2 0.0 100.0 
Second Series of Tests, in 0.2 
which a mixing device was 13 24°9 0. —0.1 14 
placed at D to thoroughly { 14 ana 
mingle the steam and 1 

water 15 24.5 8.2 0.5 95.0 
° 16 19.2 8.8 0.5 95.3 
17 16.0 8.8 0.3 97.4 
18 16.0 6.6 0.1 98.1 
19 15.9 1.0 —0.1 100.0 
\ 20 15.6 5.4 —0.1 100.0 
a 21 43.1 3.5 1.2 67.3 
22 42.7 2.3 0.7 68.8 
Third Series of Tests, in 
which the steam and en- 25 81.1 3°5 0.3 91.7 
trained moisture were sup- 26 31.1 21 0.1 95.0 
plied through a vertical 4 7 20.9 12:1 0.5 96.8 
three-inch pipe and flowed 28 90.6 0:0 100.0 
through an elbow into the 29 100.0 
horizontal | three-inch pipe. 30 20.2 3:8 0.1 97.1 
hh son 31 15.8 5.6 —0.2 100.0 
32 15.4 8.7 —0.2 100.0 
Special Tests in Third Se- 35 41.9 2.4 1.1 57.4 
ries, in which a plate was 36 38.1 2.4 0.6 77.8 
ese over the drip pipe 37 34.3 2.5 0.1 96.7 
eading to the calorimeter 4 38 33.1 3.4 0.0 100.0 
80 as to collect all moisture 39 26.9 7.3 —0.1 100.0 
that was near the bottom 40 26.8 4.8 0.0 100.0 
of the pipe. 41 20.5 4.3 —0.1 100.0 
42 20.2 13.1 0.4 97.4 
43 20.2 4.9 0.0 100.0 


* The percentages of priming given in this column are calculated from the superheating in the 
twelve-inch drum, and are correct to within about one-fifth percent. The minus values are either 
accidental discrepancies or they are caused by the fact that the steam was initially superheated, 
and tended to retain the property of producing a slightly higher “‘ normal reading” than that given 
by tae theoretical formula. 
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Meruop or Compvutine THE TRUE PERcENTAGE oF MolstuRE IN TRE 
Stream EnTERING AND LEAVING THE SEPARATOR. 


For Part I. 4 


The method which has already been described consisted in 
determining the percentage of moisture in the mixture of steam 
and the known weight of injected water. The data and calcula. 
tions in detail for test, Group 8, Table A, are as follows: 


. Duration for selected interval for which the average data are 
obtained, in minutes 

. Total steam and entrained water leaving the separator K, in pounds, 

. Water drawn from separator, in pounds, per hour 

. Total weight of steam and entrained water entering separator, in 

. Water injected at P, in pounds, per hour = w 

. Temperature of water injected at F’, in degrees Fahr. = ¢’ 

. Pressure of steam at J, in pounds, per square inch above atmosphere 

. Sensible heat of steam corresponding to pressure at Jin B.T.U. =h 

. Temperature of steam corresponding to pressure at J, in degrees 
Fahr. = ¢” 

. Latent heat of steam corresponding to pressure at J, in degrees 
Fahr, = 

. Temperature of superheated steam before injecting water, as regis- 
tered by the thermometer D, in degrees Fahr. = ¢''’ 

. Weight of steam condensed by the water injected in pounds = 

w (h — t') — 0.47 — t’) (W— w)* 
L 
. Total weight of water in the mixture of steam and water = line 5 + 


. Percentage of moisture in steam entering the separator = line 13 x 
100 + line 4 

. Water remaining in steam leaving separator, in pounds, per hour = 
line 13 — line 3 

. True percentage of moisture in steam leaving the separator = line 
15 x 100 + line 2 


CALCULATION OF THE PERCENTAGE OF MorstuRE INDICATED BY 
THE SUPERHEATING OBSERVED IN THE TWELVE-INcH Drum. 


For Experiment: Group 8, Table A. 


1. Pressure of steam before throttling, in pounds, per square inch above 
atmosphere = 

2. Pressure of steam after throttling, in pounds, per square inch above 
atmosphere = 


* The factor of 0.47 was determined by experiment so as to include all radiation effects. 
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31 
3 48.2 
88.2 
32.0 
69 
80 
326.9 
| 323.6 
1 
385.7 
1 
351.8 
1 
22.6 
t 
| 4 
line 12 254.6 
14 
15 
6.4 
16 
0.21 
80.0 
3.2 


Latent heat corresponding to pressure p, = 


. 5. ‘Total heat above zero, —— Fahr., corresponding to pressure 


Temperature corresponding to pressure po = 
7. Temperature of superheated steam after throttling = S, .......... 
1 
Percentage of priming = 100 (1 — lime 
Dr. Charles E. Emery.—In a test of a boiler which had two out- 


lets, so that the quality of the steam was necessarily about the 
game in both, a calorimeter was placed on each outlet. Refer- 
me _ ring to accompanying sketch, Fig. 38, the steam from the boiler 
passed upward through the run of a 
flanged tee, on the top of which was 
placed a safety valve, and the steam for 
the engine passed through a side outlet. 
The boiler manufacturers connected a — 
calorimeter to an outlet a at the centre 
of the tee. I, however, had a connec- 
tion made to the other outlet at a point — 
6b near the bottom flange of the tee. 
The steam from the upper outlet showed 


To Safety Valve 


less moisture than that from the lower “— : . 

one, though in neither case was the per- 3 whe Sy 
centage of moisture very high. It will E 1 ae AAD 

be seen that the less moisture obtained me ORY 
at the point a corresponds well with Ane St 


the experiments of Professor Denton, as it was nearly out of the 
current of steam. 

Prof. Kk. C. Carpenter.—I would like to ask Professor Denton 
if he has made any experiments at all in getting samples from 
different kinds of vertical pipes. 

Mr. Kent.—Professor Denton says that if we use the large 
separator the little calorimeter afterwards shows whether we 
have taken the moisture out or not. Now suppose we did not 
take out all the moisture, but within one or two per cent. of it, 
according to Professor Denton’s experiments that calorimeter — 
might show us anything. I would like to have the Professor 
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give us directions how to place that little calorimeter, after the 
separator, in order to have it tell the truth. 

Mr. Albert Kingsbury.—There is a point in the paper which 
seemed clear to me when I read it, but some obscurity has since 
arisen about it. How is it possible to know what percentage of 
water is in this steam beyond the point where the cold water is 
introduced? The amount of water introduced can be deter- 
mined, but it immediately changes the quality of the steam which 
remains, reducing the temperature, producing condensation, and 
hence making some uncertainty as to the exact amount of water 
remaining in the steam. 

M. George I. Rockwood.—I would like to ask if the whole struc- 
ture of calorimetry is upset by these experiments. I would like 
to have it stated definitely whether we are to make calorimetric 
experiments in the future in testing boilers, or whether we are 
to give up that department of steam engineering. 

Mr. William Kent.—1 will speak on the same side as Mr. 
Rockwood. Some fifteen or twenty years ago we were told by 
steam-boiler experts that no boiler experiments were worth any- 
thing unless a calorimeter test was made ; that boilers gave too 
much evaporation if not checked by the calorimeter. They pro- 
duced figures showing that boilers would give fourteen pounds of 
water per pound of coal, if tested ordinarily, but if you applied 
the calorimeter you would get the true result. Then the barrel 
calorimeter was brought in, and later the coil and the throttling 
calorimeter. Ina great number of experiments which I have 
made, using the barrel, the throttling and also the coil calorim- 
eter with many different kinds of boilers, I was never able to 
get more than three per cent. of moisture, whenever the water 
level was anywhere near the proper place; that is, whenever 
the water was in sight in the gauge glass, and never over one 
and one-half per cent. as an average of a series of tests. I then 
came to the conclusion that all boilers which had horizontal 
shells and were of the ordinary kind did give a commercially dry 
steam ; that is, steam which did not have over three per cent. of 
moisture in it. Now Professor Denton tells us that the steam 
will drain itself in a pipe, so that within a distance of eight or 
ten feet that pipe will have dry steam, the water being all con- 
centrated at the bottom of the pipe. I think, in answer to Mr. 
Rockwood’s question, that we shall have to throw away the cal- 
orimeter as being unnecessary, and come to the conclusion that 
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oilers will give dry steam unless they are foaming or unless 
there is some defect in their construction. If we take the 
7 _ separator as being correct, say within one-fifth of one per cent., 
__ what is the use of a calorimeter, except for scientific purposes ? 
Mr, O. C. Woolson.—I understood the author to say that this 
~ test pipe, if placed on the bottom and flush with the inside of 
_ the steam pipe, gave an excess of moisture, but if inserted two 
inches or more gave no moisture, and that it made no difference 
whether that pipe entered from the bottom or anywhere around 
the circumference of that pipe; the results would be the same : 
dry steam if inserted a little way and wet steam if inserted flush 
with inside of steam pipe. 

- Prof. James E. Denton.*—Dr. — s case I judge to be sim- 
ply in the line of my own findings. The first question is Pro- 
_ fessor Carpenter’s about the vertical pipes. If the water runs 

_ along the bottom of a horizontal pipe leading to the top of a 

_yertical pipe, it will splash about in the pipe so as to fall on the 
calorimeter nipple and cause unreliable results from the latter. 
Ifthe steam rises through the vertical pipe, then the water which 
is due to radiation, collecting on the sides, may trickle down 
over the nipple. 

In answer to Mr. Kingsbury’s question I would say that we 
made allowance for the moisture due to heating the injected 
water to the temperature of the steam. The calculations for 
this allowance are given at the end of the paper. 

Mr. Kent asks where to place a calorimeter, used in conjunc- 
tion with a separator, and how the calorimeter can be relied 
upon to show the true moisture, even when used in this way, 
My proposition to use the instrument beyond a separator as- 
sumes that the latter is known to be capable of removing any 
amount of moisture in the steam to such an extent that the 
greatest amount which the calorimeter will show, if placed 
within, say, one foot of the outlet from the separator, may be 
acceptable as a satisfactory performance of the boiler. With a 
separator of proper proportions the moisture passing it will be 
so small a fraction of one per cent. that the most exaggerated 
result from the calorimeter will not reach one per cent. 

In reply to a question as to what a commercially dry steam 
is, I believe it may be defined to be the per cent. of moisture 
which is equivalent to the accidental error of a boiler or engine 


* Author’s closure, under the Rules. 
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test. The performance of a boiler by duplicate tests under 


_ identical conditions varies about three per cent., or the average 


accidental error is, say, one and one-half per cent., and the simi- 
lar error for water-consumption tests of engines is probably no 
less. I believe, therefore, that for capacity tests of boilers and 
tests of engines, commercially dry steam may be taken to be 
_ steam which contains not more than one and one-half per cent. 
of moisture, and for economy tests of boilers, steam containing 
a larger amount of moisture in proportion to the ratio of the 
heat in the water in the form of steam to that represented by a 
_ pound of boiling water. 

I think the conclusion that calorimeters are shown to be of 
no value is unjust to the intrinsic merits of the instrument, as 
we need the calorimeter to show that the separator has done 
its duty. 

Professor Carpenter.—The reason for asking Professor Denton in 
regard to trials on the vertical pipes was to bring out another 
point which he has not mentioned. We made some experiments 
last year in this line of work, and they are not finished yet. We 
had a sample of steam flowing both downward and upward. 
Flowing downward we found streams of water flowing, as Profes- 
sor Denton has described, and we would get samples of varying 
amounts, ranging sometimes to nearly 100 per cent. of moisture. 
We afterwards put in a glass so that we could see the stream. 
When we arranged the pipes in a little different manner, so that 
the current of steam was ascending, then those objections ina 
large measure disappeared, although at the present time I am 
not able to say that we found a perfect way of getting a sample 
of steam, especially when there was very much moisture in it. 
Certainly the variation in the percentage of moisture was very 
much less, and we got pretty fairly good samples with the 
ascending current. With the horizontal pipe we had the same 
experience which Professor Denton has described, and when we 
had a high velocity of steam we also succeeded in getting pure 
water from the top of the pipe, which was due, perhaps, to the 
peculiar arrangement of pipes which we had. To me the question 
is of very great interest, and I fully agree with Professor Denton 
in his general conclusions 

Professor Denton.—I would say that I think the way to secure 
the best results is to have the steam passing upward in a verti- 
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_ Mr. Woolson.—I do not think the Professor has answered my - 
yet. 
—— Denton. —I did not say that it made no difference 


Mr. Woolson. —Doesn’ t it depend on the separator which you 


8 on of the pipe? 
Professor Denton. —I have great confidence in separators. r 


_-Temove all moisture. 
proved, perhaps. 
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EFFECT OF TEMPERATURE ON STRENGTH OF 
WROUGHT IRON AND STEEL. 


BY R. C. CARPENTER, ITHACA, N. ¥. of 
a® 


(Member of the Society.) 


THE investigation described in the following pages was con- 
ducted in the spring of 1895, in the Testing Laboratory of Sibley 
College.t+ 

The tests were performed on an Emery Testing Machine, hav- 
ing a maximum capacity of 200,000 pounds. This machine is of 
the horizontal type, and was built by William Sellers & Co. for 
the Columbian Exposition, 1893, and is especially well adapted for 


tests of this character. 

The method employed in making the tests differed from that 
employed in ordinary testing, simply in the provision for heating 
the test-piece to a specified temperature and maintaining it at 
that point throughout the test. Various schemes were tried be- 
fore a successful method was found. The methods of heating 
tried and rejected as impracticable, involved first the use of a 
vessel filled with oil or some metal having a melting point so low 
that it could be maintained in a liquid condition, surrounding the 
test-piece and situated so that it could be heated. Difficulty with 
leakage at stuffing boxes finally led to the adoption, as a substitute 
for the liquid, of a solid block of cast iron made in two halves and 
held in position by clamps, as shown in the lower part of Fig. 39. 
This block was heated externally and transmitted its heat to the 
test-piece. The temperature was measured by a mercurial ther- 
mometer, the upper part of which was filled with nitrogen to 
prevent vaporization of the mercury at high temperatures; it 


* Presented at the New York meeting (December, 1895) of the American 
Society of Mechanical Engineers, and forming part of Volume XVII. of the 
Transactions. 


+ Thesis investigation of O. R. Wilson and R. L. Gordon, to which I am 
largely indebted for results. 
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7 


was graduated to 900 degrees Fahr. The bulb of the thermom- 7 


eter was put in direct contact with the test specimen, and was _ 4 = As 


partly surrounded by the solid metal of the cast-iron jacket. 
The length of the jacket was about 2 inches greater than the 
gauged length of the test specimen. —_ 


+> 
i EON 
TEST PIECE 

10% 


METALLIC JACKET 


9! 


Fie. 39.—TEst-PIECE AND METALLIC JACKET. 


The iron jacket when in position on the test specimen was ba 
heated by a Bunsen burner having four jets, the apparatus being 
as represented in Fig. 40, in which 7’ is the thermometer, aa the 
ends of the test-pieces, JJ the cast-iron jacket, B the burners, and 
HH the pulling heads of the testing machine. “= 8 


very uniform results. 'There may have been a small error in the ? 
measurement of temperature, due to the fact that the thermometer 


4 
| =F — 
Fig. 40.—TEsT-PIECE AND JACKET IN POSITION. > 4 
This method of heating the test-piece proved very satisfactory, -  .. 
; and, as will be seen by consulting the tal a q 
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was not entirely surrounded by the metal of the test-piece, but no 
readings were taken until several minutes after the thermometer 
indicated a stationary temperature, and such error was not large 
and would not affect results sensibly. Correction was made for 
radiation from the stem. 

The specimens tested were turned to dimensions as shown in 
Fig. 39, and those belonging to each class, wrought iron, tool 
steel, and machinery steel, were as nearly uniform in quality as 
could be obtained from the stock in Sibley College. The tool and 
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achinery steel was purchased from the Steel 
of Pittsburgh, and the wrought iron of the Burden Iron Com- 

pany of Troy, N. Y., for use in the college shops. The chemical — 
of each piece is not aceurately known; the uniformity 

of the results shows that this is a matter of little importance. _ 
Two specimens of tool steel, numbered 10-0 and : : :-0, gave de- 
cidedly different results from the others ; these results are given © 
in the logs, but are not plotted. About thirty specimens of | 
wrought iron were tested and about twenty-five of steel, the 
; temperatures varying in each test from 22 degrees to 825 degrees 7 


a the lowest temperature being obtained by use of a freezing mix. 
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ture, the highest temperature as explained. The method of heat- — 
ing the specimen prevented the use of appliances for measuring 
extension while under stress, so that information could not be 
obtained from which the elastic limit or modulus of elasticity 
could be computed. 

Results—The general results of the test are shown on the _ 
curves accompanying the report, from which it will be noted that i 
all the curves have a point of contra-flexure at about 70 degrees ; "9 
Fahr. and another at a temperature not far from 500 degrees. 
The maximum strength is found at temperatures of 400 to 550 
degrees Fahr. At temperatures higher than this, all the materials 
show a rapidly decreasing strength. The variation in strength 
with change of temperature is marked; thus, for instance, with 
wrought iron, if we represent the strength at the temperature of 
75 degrees Fahr. as 100, that. at 22 degrees to 25 degrees is 103 — 
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to 104, at 500 degrees is 126, while at 825 degrees it would be 
- represented by 80.7, which is 63 per cent. of the maximum 
strength ; beyond this point the strength steadily decreases. 

The curve for tool steel has the same general form, the tem- 
perature of maximum strength being, however, about 400 de. 
grees. That for machinery steel is similar, but no experiments 
were made at low temperatures and no critical point was 
observed. 

The elongation in 8 inches of length for the tool steel and 
wrought iron, is shown on the curves in Fig. 42, from which it is 
noted that these curves are of the same general form, and agree 
in showing smallest elongation when at a temperature about 
equal to the boiling point of water. There is considerable varia- 
tion in the results given by individual specimens, especially for 
the tool steel; and there is, for this reason, doubt as to the exact 
position and form of the curve. A large portion of the discrep- 
ancy is no doubt due to the methods which had to be employed 
in measuring the elongation. 


NS. 


Maximum | Diameter | Area in Tensile | per Cent. Elonga- 
0 


Strength 
Load, in Square . tion in 
Pounds. Inches. Inches. Normal. | 8 Inches. 


Inches. 
.4991 19555 50,500 103.0 
.5073 - 20210 50,980 103.8 
-4925 -19051 48,820 100.0 
.18205 49,430 100.7 
.19120 54,010 110.6 
.19291 54,690 112.2 
.18908 56,070 114.6 
.19120 57,240 116.9 
.18021 58,820 120.2 
. 19665 58,980 120.3 
.19524 59,920 122.5 
. 19354 60,970 124.8 
. 18689 62,610 128.0 
.17114 62,520 125.6 
. 19644 59,840 122.3 
19095 54,450 
. 18513 46,720 95.8 
. 19322 39,330 80.5 


>> 
= = 
RESULTs OF TESTS OF WrovuGatT-IRON SPECIMEN 
Mark 
23 2 9,900 
_ 25 G 10,300 
9,000 
250 J 10,550 
10,600 
; 320 0 11,200 
885 D | 11,600 
450 9 11,800 
525 E 10,700 
sae 530 3 11,700 
625 8 10,400 
700 Cc 8,650 
825 F 7,600 
| | 
Note.—Normal is here taken as strength at 70 to 80 degrees Fahr, 
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| FRACTURE. At Pornt oF FRACTURE. 
Tempera- | ‘ 
|” ture, fires of 
Degrees * Area in rac ure 
| ven. Color. Character. Square 
Inches. | Inches. Original 
Area, 
fe | & Normal. Silky. .8215 | .0811 | 41.4 
| & .8260 | .0885 | 41.2 
82 Fibrous. .33820 | .0867 | 45.4 
a a | 150 Bluish. 8290 | .0855 | 46.9 
| BO Silky. 8760 | .1111 | 58.0 
7 | 2% 3790 | .1128 | 600 
350 .8782 | .1123 | 62.9 
a , D 385 = Silky Slt. Crys. | .4060 | .1295 | 66.1 
450 Silky. .4943 | .1918 | 99.0(2) 
‘ta 475 Dark Bronze. a .8416 | .0917 | 49.0 
E 525 | Deep Purple. Fibrous. .38546 | .0988 | 57 5 
530 |Dk. Purp. Bronze .8892 | .1188 | 60.7 
8 625 Dark Bronze. .8385 | .0901 47.3 
ee 700 Dark Blue. Fibrous-necked. | .3685 | .1054 | 57.0 
 F 825 | Blue Black. Silky. "3614 | .1026 | 58.1 


REsuLTs OF Test OF TooL-STEEL SPECIMENS. 


| 


Tempera-| Tdentify- | Max iameter rea in Tenaile er Cent. | Elonga- 
Fabr, | Mark. Pounds. Inches. Inches. Square Inch. | Normal. | 8 Inches. 
| Inches 
28 0 21,000 -4976 .19447 | 107,990 101.8 62 
73 (a) ::.0) 26,600 -5054 -20063 | 132,590 125.0 of 
75 (a) 10 0) 25,800 .4796 18065 140,080 132.0 
75 N 19,800 4877 .18678 | 106,000 100.0 
160 4950 .19244 | 109,650 103.4 47 
230 25,400 4944 19198 132,310 124.8 45 
300 9 0 28,900 5163 20928 | 138,100 130.3 97 
400 8 0 29,000 5046 .19998 | 145,020 136.8 B, O. 
425 3 0 28,400 .4993 -19572 | 145,200 137.0 1.10 
560 :: 0} 24,900 -4990 .19557 127,340 120.0 -94 
600 11 0| 24,300 5074 -20210 | 120,170 113.4 
7 12 22,400 -19603 | 114,270 107.6 
825 363 ‘| 20,300 | .4991 .19572 | 108,740 98.6 -81 


NoTE.—(a) These specimens were hard, and not of same character as re- 


mainder in this set ; for this reason these results are not plotted, 
B. O. signifies | broke outside gauged length. 
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TEMPERATURE ON WROUGHT IRON AND STEEL, 


Identify- 


FRACTURE. 


At Point oF Fracture, 


Color. 


Character. 


Diameter 


in 
Tuches. 


Area i 
Square 


Inches. 


Area of 
n | Fracture 
in Per 


se 


WOO: 


Normal. 


Light Straw. 
Dark Straw. 


Blue Black. 


Blue Black. 


Gran. Flat. 


Gran. and Crys. 


Gran. 
Gran. and Crys. 


Silky. 
Silky-necked., 


Gran. & Crys. Flat. 


Silky. 
Silky-nkd. & Crys. 


-4214 
.4460 
.4394 
-4905 
-4327 
-8870 
-3400 
2830 


.1769 
- 1626 
1395 


1477 | 
| 


.1238 
1071 


- 0629 | 


REsvuLTs OF Tests OF MACHINERY-STEEL SPECIMENS. . 


Tensile 


Maximum | Diameter Area in 
Load, in Square 
Pounds. Inches. Inches. Square tach. 


Per Cent. 
f 


Normal. 


Elonga- 


| 8 Inches, 


tion in 


680 
800 


12,850 2025 68,650 | 
12,700 .4853 .1849 68,680 | 
16,200 .5120 .2052 | 78,680 | 
23,400 .5061 | 116,370 
19,650 .4866 1860 105,660 
10,500 4797 .1807 | 58,120 
10.400 | .4886 | 11875 | 55,460 | 


100.0 
107.5 
123.0 
183.0 
166.5 

91.4 

87.1 


M 


ACHINERY STEEL. 


Identify- 


ing 


Mark. 


FRACTURE. 


| At Pornt oF FRACTURE. 


Color. 


Character. 


in 


Inches. 


Diameter} Area in 
| Square 
Inches. 


| Fracture 


Cent. of 
Original 


Area of 


in Per 


Area. 


x Normal. Silky. 8100 | .0757 | 37.5 
4 .8520 | .0973 | 52.5 
1 % Silky-necked. .8855 | .1166 | 57.1 
5 Dark Bronze. Gran. and Crys. | .4895 | .1517 | 75.5 
6 Deep Purple. Silky Well Nkd. | .2860 | .0628 | 33.7 
2 Deep Blue. | Silky Fine Crys. | .2740 | .0590 | 30.0 
7 "= " | Silky Well Nkd. | .2665 | .0557 | 29.7 
| 


| 
evrees 
Cent. 
| Cont, of 
Area, 
30 | 74.1 
400 94.0(2) 
0 63.6 
600 | Deep Blue. 44.8 
700 54.8 
= "3 
300 53 B. 0, 
= 420 B, 0. 
Tempera- | | 7 
| | — 
Degrees 
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DISCUSSION. 


Prof. 1. Wade Hibbard.—It is to be regretted that the “ nor- 
mal” uniformity of all the test-pieces of any one metal, as the 
wrought iron, so absolutely essential for the trustworthiness of 
such an investigation as this, is unknown. Disappointment 
would also be felt with this paper by the engineer who wishes 
to know better what material to use where it is to be subjected 
to heat. There is a frank confession of the meagreness of the 
knowledge possessed as to the grade of the metals. No chemi- 
cal compositions are given, and we have no means of knowing 
the purity of the metals, the chief hardening element, the per- 
centages of elements producing cold or hot shortness, or any- 
thing else. The paper tells us that some miscellaneous wrought 
iron and machinery steel behaves in a certain way. An engineer 
is not going to use a vague material for any place where the 
part must be designed as light as is consistent with safety. 
He will use a material conforming to certain specifications for 
manufacture, chemical composition, and physical tests. 

The engineering world is already very well informed upon the 
general effect of temperature on strength and ductility. Dur- 
ing the past sixty years there have been numerous published 
experiments upon this subject; many with quite insufficient 
data, but some with a thoroughness of investigation truly refresh- 
ing and practically valuable. It was the privilege of the writer 
to contribute an article giving somewhat of an account of these, 
including other engineering metals than the ferrous, to the 
Railroad Gazette of May 6 and 20, 1892. There is still room for 
the careful experimenter to enlighten us with profit upon the 


behavior under heat of the different metals commonly selected ~ 


for such places. It is not possible as yet to give too complete 
and up-to-date information. It is needed, and not the least, by 
the locomotive and marine engineers, who are constantly striv- 
ing for lightness of details that the profitable concentrated 
power for train or ship may be increased. 

From a German test quoted in the Iron Age of December 4, 
1890, it appears that for the excellent, mild, carbon steels there 
carefully described the maximum ultimate strengths come at 
from 400 degrees to 500 degrees Fahr., thence falling rapidly 
away. In the tests a “ yield-point ” is noted, above the strictly 
elastic limit within which load and stretch keep proportional, 
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_ where the metal suddenly gives way and flows in a very marked 
degree. The yield-point strengths at the different temperatures 
do not at all follow the law of the ultimate strengths, but grow 
steadily less as the heat increases from freezing to 1,000 degrees, 
As it is with the safe load, far under the yield-point, rather 
_ than with the ultimate load, that the designing engineer is chiefly 
- concerned, the test shows that those steels do not even offset 
with increased strength what they lose in ductility. In this 
latter they decreased from freezing to a minimum at the tem. 
perature of deep straw to purple bronze, 400 degrees to 600 
degrees Fahr., and then increased. 
I doubt if we have yet fully learned the lesson of this brittle 
_ region. With the very high steam pressures in use to-day, and 
7 predicted for the future (and 250 pounds is 406 degrees Fahr,), 
I believe it would be advisable to provide in some of our metal 
_ specifications for tests at the blue heat. 
Mr, Gus. C. Henning.—I have read this paper with a good 
a deal of interest, and undoubtedly the results obtained, although 
meagre, are what have been found to be true. I regret very 
much that with the facilities at Cornell University the work was 
not carried to a more satisfactory conclusion, and that the tests 
- _ were to this extent incomplete. It would not have taken very 
much more time and trouble to make them very complete 
indeed, so as to be able to connect them with the work which 
has been done abroad. In the laboratory at Charlottenburg in 
Berlin they have gone through this investigation of the strength 
-of materials under varying temperatures, surrounded by the 
ordinary atmospheric temperatures, such as are usual in rooms, 
and have studied it from every point of view. They have deter- 
‘ mined not only the breaking strength and ultimate elongation, 
but also the capacity for doing work, the resistance to being. 
worked in machines by machine tools, the change in elasticity 
within the elastic limit and beyond. Not only have they inves- 
tigated wrought iron, steel, and tool steel, but also bronzes and 
alloys of different kinds, and the last of the reports, a continua 
tion of work done by Professor Martens between the years 1887 
and 1890, published in Stahl und Hisen, 1890, number 20, is 
abstracted in number 13 of Stahl und Eisen, 1895, July 1, and 
reported by Professor Rudloff, the assistant of Professor Mar- 
tens, who uses similar apparatus in order to get comparable 
results. Onthe charts 1 and 2 herewith (Figs. 43 and 44) I have 
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plotted all the results obtained by Rudloff relating to wrought _ 


bce can be compared with the curves of similar material tested by 
Professor Carpenter, and the results are similar. A com- 
_ parison of the curves and data given in the paper with those 
I give will show the similarity clearly. He says wrought iron 
and mild steel show a decrease of elastic limit of about 50 per 
cent. up to 570 degrees as differing from the temperature of the 


room. That is, an elevation of temperature of 570 degrees; 
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ity § while the tenacities increase about 40 per cent. up to 570 
28 degrees temperature; that is, at the 570-degree temperature 
nd line, where the maximum strength is observed, the loss of duc- 
12 tility is very considerable. It appears that the harmful infiu- 
387 ence of heating up to that temperature of 570 degrees on the 
is possibility of working the material, which was illustrated by the 
nd previous tests by Professor Martens, also exists for the ordi- 
ar- nary low or mild steels ; temperatures above 600 degrees show a 
ble decrease of strength, as Professor Carpenter has demonstrated. 
ave The elongation up to rupture grows very considerably, while in 
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MATERIAL. 


Diameter d@. 
Modulus of 
Elasticity Z. 
Elastic Limit 
Yield Point 
Reduction of 


| Temperature ° C. 


| In A 30. 
| In A 90 


| 


Wrought Iron. Watery 

Vapor. 

Naphthaline 

|{ Vapors. 
Metallic Bath. | . 


Martin Steel | 15 Watery ||. 
(for Staybolts).| 96 Vapor. ‘|. 
216) LNs hthaline | .3937 


306) apors. 
898) Metallic Bath. 
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TABLE B. Fe 


RELATIVE VALUES OF WrovuGHT IRON AND STEEL. i 


Tempera- Elastic i 
ture. Limit. int. Tenacity. 


Wrought Iron.....| 100 110 
200 134 
300 138 
400 91 


100 108 
200 125 
300 118 
400 | 92 


the case of steel it again decreases after 700 degrees. It is not 
only an increase of elongation, for when you get up to 700 
degrees, beyond where Professor Carpenter’s tests stop, the curve 
drops down again very quickly, which is important. The 
apparatus has been used for many years and is fully shown in 
Stahl und Eisen, and it is pointed out that that mirror apparatus 
is used for elongation because that is about the only apparatus 
which can be used for that purpose. Nothing is attached to the 
test-piece except two bars with a spring clamp, and the elonga- 
tion of those two bars under the temperature changes can be 
calculated. The extension of the mirror which is outside the 
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heated chamber is not affected at all, and the correction can 
easily be made for the two springs which transmit the extension 
of the test-piece to the reflecting mirrors from which the 
reflected scales are read. I am sure Professor Carpenter ought © 
to try to get this apparatus. 

Now in regard to the general conclusions of Professor Car- — 
penter referring to low temperature, papers presented by Pro- — 
fessor Steiner and Dr. Gollner at Zurich show that for abnor- 
mally low temperature—we do not talk of 20 degrees below— © 
the strength of the iron and steel increases immensely, so that it — 
is material such as we do not know of at the present time for | 
ordinary use. They have, however, no ductility whatever ; not 
one-half per cent. ductility at, say, 200 degrees below zero. The 
point of beginning of curves by Professor Carpenter should be — 
about 70 degrees ; then the strength decreases at 100 degrees, __ 
and then it begins to increase again. Now, if these tests had — 
been made a little lower down, we should have found a slight in- 
crease, and then what comes between 50 degrees above and 20 be- | 
low zero we do not know. Unfortunately the most important point 
of the qualities of materials which we have talked about so 
much, and investigated so much, we know nothing about. When 
we come to this diagram, away back here to 60 degrees below 
zero, we know what the changes in the material are under the 
effect of abnormally low temperatures, but we do not know what _ 
happens under moderate temperatures, because all the tests 
that have been made are absolutely valueless on account of not " : 
taking sufficient pains in investigating. One man will observe 
one thing and another man another, and because each omits just 
the other part of the investigation his results are really worth- 
_ less. Now, if the elongation and the elasticity of the material _ , 
were observed, say, from 100 degrees down as a minimum, and 
then to about 50 degrees below freezing, which are temperatures 
which can easily be reached in the laboratory, then we will get 
the most valuable information about what are called abnormal 
fractures of rails, say, or other materials in use. 

Mr. I. de B. Parsons.—Perhaps it would be interesting to 
some of the members of the Society to hear the result of some — 
experiments which have been made at my suggestion by the 
Committee on Fire-Proofing Tests, of which Ihave the honor | 
to be a member. We made some experiments at the Carnegie 
Steel Company’s Works, on the expansion and contraction of 
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steel beams under high temperatures, and the results were 
much higher than had been expected. It appears that at tem- 
peratures of about 2,000 degrees Fahr. steel beams will expand 
and contract from 1.6 to 1.9 per cent. of their length, which 
would represent in a 30-foot beam an expansion of from 5} to 
7 inches—rather more than most people think. A full account 
of the experiment and the extensions obtained will appear in 
the committee’s report. This is a little digression, perhaps, 
from the purport of the paper, but it is rather interesting in 
connection with the subject, because it bears upon the behavior 
of the metal under high temperatures. 

Mr. Henning.—I would like to call attention to the fact that 
those experiments are identically in line with those made by 
Mr. Keep; that we found about two per cent. expansion at those 
temperatures with steel. We have not yet concluded the ex- 
periments, however. I suppose that you did not keep a record 
of the changes of expansion during the temperatures; did you? 

Mr. Parsons.—No. We were after the total expansion. The 
investigation was started to determine the expansion which could 
be expected in steel beams in so-called skeleton-construction 
buildings, in order to determine how much the expansion would 
be in a floor beam subjected to the heat of a hot fire. We did 
not take measurements at different temperatures. 

Mr. Henning.—This change of length is due to crystallo- 
graphic changes of material, because at those high tempera- 
tures the metal of your steel beam becomes mobile, and the 
curve that should have been observed instead of following 
simple maximum elongation would have been quite different. 
The beam begins to expand, and then expands at a certain 
point very rapidly, and then the expansion would cease, and 
the beam would shorten considerably, and then there would be 
another expansion, and with a slight rise of temperature would 
reach the melting point. This expansion would be two per cent. 
While if this expansion were measured at a point only 100 
degrees higher than this maximum expansion would be less. 
Further on it would be greater again. The expansion ought to 
be observed continuously so as to find out what the variation is at 
different temperatures, because those expansions are due to crys- 
tallographic changes in the material, and there is no telling 
whether the material will hold together or not when a load is 
applied. We have found that iron is almost — If, 
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_ when in that condition, it is struck or picked up with tongs, 
it will fall to pieces at such high temperatures. It is the same 
with cast iron. We have taken bars of cast iron, and by simply 
picking them up with a pair of tongs they would break in two. 
A Member.—What is that temperature ? 
Mr, Henning.—That varies according to the material. In 
east iron it is probably 1,200 or 1,300 degrees; in steel it is 


higher. In wrought iron it is something less again. It depends 
entirely on the particular material you are investigating, be- 


cause that depends on the crystallographic structure and some- 


_ what upon some of the elements contained therein. 


Professor Carpenter.—I do not know that there is anything 


os particular to be said, as all of the discussion has been confirma- 


tory of the general results given here. I might say more dis- 


-__ tinetly that the difficulties experienced in measuring extension 


during the application of heat were quite serious ; Mr. Henning 


has referred to that. Our difficulties were due, of course, to the 


ce fact that we did not have the kind of apparatus described by 
_ him, which is a form recently designed, and which I believe has 
been perfected in this country; this will, no doubt, show such 


_ changes during process of heating. It seems to me that we may 
logically conclude, since the general results with a variety of 


test-pieces are so nearly alike, that the composition of the mate- 
rial does not have a very great effect. No doubt the exact tem- 
_ perature at which the maximum strength is found differs a 
little with different materials, but nevertheless the same general 
law as to variation in strength with changes of temperature 
seems to hold, whether the material contains little or consider- 
able carbon—in other words, is pure iron or steel; so that I 
think the general results described in the paper will be con- 
firmed by later and more complete investigations ; indeed, Mr. 
Henning has shown they have been confirmed by the experts 
in this line of work in Germany. 
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DCLXXV.* 


EXPERIMENTAL METHOD OF DETERMINING THE 
_ EFFECTIVE CENTRE OF THE LIGHT EMITTED 
«PROM A STANDARD PHOTOMETRIC BURNER. 


BY D. 8. JACOBUS, HOBOKEN, N. J. 
(Member of the Society.) 


[Notz.—As many engineers have to supervise photometric measurements, and 
the burner described herein is of the form often used for such work, the follow- 
ing method of determining the effective centre of such a burner is considered of 
sufficient interest to many members of the Society to warrant presentation. } 


In tests of car lamps made by the Department of Tests of the 
Stevens Institute during the past spring and summer, it was 
necessary to employ a burner of about six-candle power as a 
standard of light. The burner selected was a Sugg Argand gas 
burner, size D, fitted with an opaque screen of the Edgerton 
pattera, which passed over a glass chimney. The opening for the 
emission of light was arranged so that the top and the lower 
part of the flame were obscured from view, as shown in Fig. 45; 
whereas the horizontal width of the slot was made greater than 
the diameter of the flame. The horizontal width, AB, of the 
slot was one and one-half inches, and its height, CD, was thir- 
teen thirty-seconds of an inch. The diameter of the opaque 
screen was one and seven-eighths inches. The back of the screen 
opposite the slot was cut away so as to prevent reflected light 
from being thrown back and through the slot. 

In this class of a screen and burner the distances employed in 
calculating candle-power measurements are often measured to 
the geometrical centre of the flame. Any error so involved will 
be a small one, if the illuminated disc of the photometer is used 
at a considerable distance from the burner, and in about the same 
position which it occupied when the burner was calibrated by 


* Presented at the New York meeting (December, 1895) of the American 
Society of Mechanical Engineers, and forming part of Volume XVII. of the 
Transactions. 
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ee means of candles. In our tests, however, the burner had to be 
used in positions near to, as well as far away from, the disc ; sO 
4 which it emitted. 

The method of determining the effective centre was as follows: 
The photometer disc was set at 
A, in Fig. 46, at a distance c, from 
the candles C, and the standard 
burner was brought to a position, 
= B,, at which there was an equal 
illumination on the two sides of 
{ the photometer disc at A,. The 
distance, },, from the disc to the 
geometrical centre of the burner 
was then recorded. The disc was 
then moved to another position, 
A;, at the distance c, from the 
candles, and the corresponding 


Effective centre of light 
emitted from burner. 
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Cc 
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| 
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Fra. 45. Fie. 46. 


distance, 5,, from the disc to the burner was recorded. The disc 
was then set back to its first position at A,, and a second read- 
ing of 4, obtained. It was then moved to A), and then back to 
A,, and so on until a number of readings of 5, and 6, were ob- 
tained. After a sufficient number of readings was taken to 
eliminate any irregularity due to variations of light emitted from 
the candles, the results were averaged, and the distance, x, of the 
effective light centre from the geometrical centre of the flame 


was found by means of the formula :— 


The results of the experiments are given in Table I., and show 
that the effective light centre of the burner was about nine-tenths 
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of an inch from the geometrical centre of the flame and entirely _ 
outside the flame as indicated in Fig. 45. 


TABLE I. 


‘CENTRE OF A STANDARD PHOTOMETRIC BURNER TO THE EFFECTIVE 
CENTRE OF THE LIGHT WHICH IT EmITs. 


Distances from Average Distances 


; from Photometer Distance from 
Number of Oe ta — Disc to Burner, in | Geometrical Cen- 

Date, 1895 Sets of Read- ’ ; Inches. tre of Flame to 

’ * | ings Aver- Effective Light 
aged. Centre of Burner 


bg. 


19.44 | 28.70 
18.77 | 27.71 
12.95 | 25.00 
16.76 | 24.70 
18.44 | 27.82 
Average...... = 


The candles do not have to be corrected for variations in the 
rate at which the paraffine is burned. All that is necessary to 
insure accuracy is to make a number of observations, changing the 
distance of the photometer disc from the candles each time a 
reading is taken, as has already been explained, and employing 
the average figures in the formula. When this is done any vari- 
ation of the light which is emitted by the candles during the test 

_ a affect the average values of }, and 8, in such a way as not 
to alter the value of a. 

: _ The error involved, if all measurements were made from the 
axis of the burner instead of the effective centre, both in calibrat- 
ing and in using the standard burner, would have been as a maxi- 
mum about ten per cent. in the lamp tests which we made. In 
these the effective centre of the burner was placed at a distance 
of sixty inches from two standard candles in calibrating the 
burner, and the minimum distance at which the burner, when 
used as a standard, was placed from the photometer disc was 
about twelve inches. 

_ An ordinary way of using the burner is to place it sixty inches 
from two standard candles to calibrate it, and then set it sixty 
inches from the flame of which the candle power is to be deter- 
mined, all distances being measured from the axis of the burner. 


on 
: RESULTS OF TESTS ETERMINE THE DISTANCE FROM THE GEOMETRICAL 
No. of 
1 | Mayit | 21 10 | 15 0.92 
2 | 15 10 15 0.89 
ea 3 «94 9 7 14 0.90 
4 | 9 9 13.5 0.88 
7 5 | 28 30 10 15 0.88 
0.89 
| 


DETERMINING CENTRE OF LIGHT FROM PHOTOMETRIC BURNER. 215 


If calibrated and used in this way, there is an error of about 
three and three-quarters per cent. for a flame of twenty-candle | 
_ power, and of about six per cent. for a flame of forty-candle 
power. 
Another way in which the burner is calibrated is to measure — 


then with the burner, and repeat the two operations until an 
average figure is obtained. When this is done there is but a_ 
small error involved in measuring from the axis of the burner, 
provided the gas flame which is measured is of about the same 
candle power as the flame which was employed for calibrating 
the burner, so that the distance from the standard burner to the 

_ photometer disc is about the same in both cases. If the burner — 
is calibrated at sixty inches from a gas flame of twenty-four can-— 

dies, and is used at the same distance to measure the intensity of _ 
aflame of sixteen-candle power, there will be an error of about — 
one per cent. 


7 The method of deriving the equation to determine the value 
is as follows: 


2 


The average amount of light produced by the candles is the ~ 
same for the two positions A, and A, of the photometer dise. 
Let the light produced by the candles be N candle power. 
Then we have for the candle power 7 of the burner when the © 

photometer disc is at 4, 


Cy 
For the dise at 4, we have 


Co” 


“From these two equations we have 


C2 


i. 
Me 


which we obtain 


* 
the candle power uniform gas fi = 
y 
, 
4 
x 
od j 
4 
= 0, —— 


7 ¥ 
DISCUSSION. 

Mr. William Kent.—I would like to ask Professor Jacobus if 
the centre of light which they found there is not about where the 
glass is in the burner. 

Professor Jacobus.—The effective centre of the light is near 
the inner side of the glass. On considering the matter we can 
see that it will not be at the geometrical centre of the burner, 
although before the experiments were made we did not expect 
to find as great a difference as nine-tenths of an inch. 

Mr. Kent.—1 would like to have some idea of the theory of 
how he explains that movement of the centre, or what the 
theoretical reason is for the displacement of the centre. 

Professor Jacobus.—lf an opaque screen containing a very 
small orifice is placed in front of and parallel to a uniformly flat 
flame of a large area, the light which passes through the orifice 
will travel in a system of straight lines, the centre of which will 
be at the orifice. If we consider the cone of light which falls 
on the photometer disc, if the latter is small enough to be taken 
as a portion of the surface of a sphere, the centre of which is at 
the orifice, the intensity of this light will be nearly uniform 
over the surface, and will vary as the square of the radius of the 
sphere, or as the square of the distance from the orifice. With 
an orifice which is small in comparison to the flame, therefore, 
the effective centre is very nearly at the centre of the orifice. 

With a uniform flat flame parallel to a larger orifice, and large 
enough to include the bases of all cones of rays passing through 
the orifice and having their apexes on the photometer disc, the 
effective centre will be at the centre of the orifice. This is 
illustrated in Fig. 47, where the cones G//J and ZIV have 
their elements tangent to the circumference of the orifice ), and 
are intersected by the flat flame A, which is large enough in 
area to extend beyond the bases J and LJ of the cones. 

To demonstrate that in this case the effective centre will be 
at the centre of the orifice, we may assume the orifice to be 
divided into a number of small sections, each of which is the 
apex of a cone of light, and as all of the cones of light are simi- 
larly circumstanced, the total effect on the photometer disc will 
be equal to the sum of the small sections into the effect pro- 
duced by one of the sections, or will vary directly as the area 
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of the orifice divided by the square of the distance to the phor = 
tometer disc. : 
That the effective centre will be at the orifice in the case jot 


considered may also be shown in the following way: The por- Pie 


tion of the area of the flame AB, Fig. 47, which illuminates _ 
particular point on the photometer disc, is equal to A + dy d) 


in which AX = the area of the orifice. The intensity of the illu- 
mination will vary directly as the exposed flame area for all 
points in the photometer disc, and inversely as the square of 
_ the distance (d + 6) for the centre point of the disc, and nearly _ 
= in the same ratio for all other points in the disc. Hence the — 
_ intensity of the illumination of the 98 disc, for inne 3 


from the flame, will vary as +(6+df= 


hal inversely as the square of the distance : measured from the — 
orifice 


Flame 


tions in goneral are such 47. 4 
that the position is some- 
ne where between the orifice and the geometrical centre of the 
7 flame. With a uniform flat flame, as shown in Fig. 47, arranged 

with a wide slit so as to cut off the light only from the top and 

bottom of the flame, the variation of the area of the flame ex- 
| posed to a given point on the photometer disc would be about 
one-half as great as for an orifice which would cut off the sides 
‘as well as the top and bottom of the flame; and therefore the 

effective centre would be about midway between the flame and 
_ the screen. This holds only when the distance d of the flame 
from the screen is small in proportion to the distance } of the 
é screen from the photometer disc. With a circular flame the 
Se analysis becomes more complicated, partly because the trans- 
_ parency of the flame to its own light must be considered. In 
an exact analysis we must also include the effect of reflection 
- from the side of the glass chimney opposite the slit, and the 
effect of the glass in slightly diffusing the light. In most prac- 
tical cases, therefore, it is much better to determine the effective 
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centre experimentally than to rely on a theoretical compu- 
tation. 

Mr. H. H. Suplee.—I would like to ask Professor Jacobus if 
the theory which he has just explained is not practically identical 
with the proper location of the diaphragm in a photographic 
lens. There the exact focal distance is governed somewhat by 
the location of the diaphragin, especially when the spot is very 
small, while a very large spot in the lens practically eliminates 
this effect altogether. I refer especially to simple lenses with 
the diaphragm in front of the lens. 

Professor Jacobus —Ilt would appear to be the same thing. 
Although I have never examined the theory of the lens, I can 
see what you refer to is similar to the action which occurs in 
the burner. 
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SOME DATA RELATING TO FORGE-SHOP DESIGN. 


BY PAUL MELLEN CHAMBERLAIN, AGRICULTURAL COLLEGE, MICH. 


(Junior Member of the Society.) 


Durine the winter of 1893-94 a new forge shop was erected for 
the mechanical department of the Michigan Agricultural College. 
Some features of its arrangement and data regarding air blast and 
suction for smoke expulsion may prove of interest. The floor of 
the shop is 30 feet by 40 feet, and is set with twenty forges in 
pairs as per plan view, Fig. 49. A general view is reproduced from 
a photograph in Fig. 48. The forges were not designed for the 
arrangement, but ten of them being on hand they were used, and 
the hoods and duplicate forges were for the most part made by 
the students. The hoods and smoke-flues could not be suspended 
from above in the usual manner without cluttering up the room 
and obstructing the instructor's view. The smoke hoods and 
pipes were consequently arranged as shown in elevation in Fig. 50 
—a scheme which was thought by the writer at that time to be 
entirely new. The blower and exhaust fan were placed on a 
platform, as shown, to save floor space, and for like reason a 
bracket engine was used. Correspondence with builders of fans 
elicited such conflicting advice as to capacities necessary, that 
some crude experiments were undertaken, which resulted in de- 
ciding on using a blower with an outlet six inches in diameter 
which had been used in the old shop, a present from the B. F. 
Sturtevant Company to the college some years ago, and an 
exhaust fan, having an inlet fifteen inches in diameter, purchased 
‘from the Boston Blower Company. The blower has since been 
removed to supply the cupola, and replaced with a nameless 
blower having an outlet of five inches. The hoods are made of 
cast iron and fitted with gates. Different heights for hood above 
the fire were tried up to twelve inches, showing little decrease of 


* Presented at the New York meeting (December, 1895) of the American 
Society of Mechanical Engineers, and forming part of Volume XVII. of the 
Transactions. 
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of the forge, being sufficiently out of the way of the fire -and — ma 
affording a better view in the room. The smoke-flue leading from — 
each pair of hoods is made of galvanized iron, number twenty _ 
gauge, and is five inches in diameter, gradually enlarging towards | 
the main pipe to give equal drafts to the different hoods. The 
blast-pipe is also made of galvanized iron, number twenty-two 
gauge, and reduces to a diameter of two inches, where it meets 
the tee leading to the two forges. The tuyeres caps are common _ 


efficiency, but were finally located about six inches above the 


AM.BK.NOTE CO.N.Y. 


49. 


two-inch caps drilled with twenty-five quarter-inch holes counter- 
sunk conically from the under side. The smoke and blast pipes 
are carried under ground in a box trench made of two-inch i a 
tarred on the outside, and made with removable covers. (Figs. 
and 52.) Two years of use have not developed signs of necessity _ ~ “* 
for their removal for repairs or cleaning. The “original design — me 
‘contemplated carrying the smoke-flue beyond the ‘exhaust fan 
around the ceiling of the room, for heating. 
The blower is at present speeded up beyond what is required, 
‘and to have the gates in the blast-pipes wide open during the test, 
ithe inlet of the blower was ew closed to allow only the 
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- necessary pressure in the pipe. The revolutions stated in the table 
were determined in a separate run when the blower was open, and 
speeded down to give the pressures indicated in the table. The 
run reported herewith was of two hours’ duration, and readings 
taken every fifteen minutes of the temperatures, revolutions, and 

pressures. Readings were taken only on six sets of forges, as pre- 
sumably representing a fair average selected in the positions indi- 
cated on Fig. 49 by A, B,C, D, E, F. The fires were first put in 

_ prime condition by a practical smith, who was instructed to 
obtain the requisite blast for a good forging fire, as large as would 

be practicable with the size of tuyere and forge, and maintain 
the fire throughout the run, keeping account of the weight of coal 
used during the run. The fires were about eighteen inches in 
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Fra. 51. Fie. 52. 


_ diameter. The writer has Mr. A. L. Westcott to thank for assist- 
- ance in taking readings. The blast was very much less in pressure 
in the pipes than: is the usual practice, but was all the fires would 
stand with the gates wide open. The fires undoubtedly consumed 
more coal than they would in ordinary use, but the consumption 
of coal seems to the writer to be the only basis for comparison. 
Taking the averages of revolutions, pressures, and temperatures 
as shown on page 225, we can calculate the cubic feet of air and 
gas handled. 
Where V = velocity in feet per second, 
: = temperature, 
= height of water in inches in draught gauge, and 
a ae . = barometric pressure in inches of mercury, 


= 8524/(1 + .00908 (¢ — 32)) x 


-* A Manual of Rules, Tables, and Data, D. K. Clark. 
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In the case of the blast: Mid, 

V = 59.04 féet per second. 

In the case of the exhaust : 

Where ¢ = 252 degrees, 

p = 29.92 inches, 
V = 59.95 feet per second. 

In neither case is the coefficient for contraction or friction takem — 
into account ; this may vary in value from 90 to 99 per cent. in the 
case of the blower, and probably not far different in the case of 
the exhaust. 

The combined area of the twenty tuyeres of twenty-five }inch 
holes = .1704 square foot. 

The combined area of the ten 5-inch smoke-pipes = 1.363 square: 
feet. 

Cubic feet of air handled for the blast = 59.04 x 1704 = = 10.06. 
cubic feet per second. 

Cubic feet of smoke and gases handled by the exhaust fan = 
59.95 x 1.863 = 81.71 cubic feet per second. 

Taking the weight of 1 cubic foot of air, at 252 degrees, as: 
.05575 pound, the fan would have handled 4.555 pounds per 
second. 

Taking the weight of 1 cubic foot of air, at 131.66 degrees, as .0671 
pound, the blower would have handled .675 pound per second. 
The ratio of air for blast to exhaust is thus about 1 to 8 by 
volume, and about 1 to 7 by weight. For the two hours’ run, 
7,200 seconds, the blower, according to the above assumptions, 
would have handled 72,432 cubic feet, or 4,860 pounds, of air. 

The exhaust fan would have handled 588,312 cubic feet, or 
32,798 pounds, of air. 

For each pound of coal consumed, 278.6 cubic feet at 131.66 de- 
grees, or 18.7 pounds, of air, were supplied ; and 2,263 cubic feet 
at 252 degrees, or 126.1 pounds, exhausted. 

Taking the theoretical calorific value of the coal at 12,000 heat 
units per pound, and the specific heat of the exhaust gases, smoke, 
and air at .24, which is approximately correct, adding 75 per cent. 
of the weight of fuel to the air handled, making a total of 32,993 
pounds, we would detect _ 798 + (.75 x 260)] x .24 (252 — 80) 
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= 1,361,951 heat units as compared with the 12,000 x 260 = 
3,120,000 heat units of the coal, of which a portion was given up 
to the air in the blast-pipe, 4,860 x (131.66 — 80) x .237 = 58,- 
583 heat units. Some use of this wasted heat could doubtless be 
utilized by drawing the supply to the blower through the trench 
carrying the exhaust pipes. 

It is interesting to note that of all the theoretical calorific value 
of the coal we can account for 43 per cent. of it in the smoke. 
stack and 1.8 per cent. in the air going through the blast-pipe. 

A still greater amount could be utilized by warming the supply 


to the blower by passage over the exhaust flues through the 
trenches. 


Th he President —I would say, gentlemen, that I have had some 
experience with a forge shop. I do not like the plan of putting 
wind pipes underground. Unless it is perfectly dry and well 
drained, the water is apt to get into the pipe and cause a good 
deal of trouble. Of late years we have put the wind pipes 
overhead. 

Prof. F. R. Hutton.—I should have liked to ask the author 
whether he had had any trouble from the clogging up of these 
underground wind pipes—from ashes and flue dust. It seems to 
me that would be the difficulty with it, unless the velocity is so 
high that the flue is self-cleansing. 

Mr. Henry I. Snell.—I1 confirm, from my experience, the 
remarks of our President relative to the advantages of overhead 
pipes over underground ones. Putting delivery pipes, from a 
blower, underground I have found unadvisable from the diffi- 
culty of getting at them for repairs or alterations, and detri- 
mental from the fact that all the air passing through them is of 
a higher temperature than the groundand contains more or less 
solid matter ; the reduction of temperature of the air, by coming 
in contact with the cold pipe, reduces its capacity to retain 
moisture, and thus moistens some of the dust in the air, making © 
an adhesive mixture which is deposited along the interior sur- 
face of the pipe, and gradually diminishes its sectional area, 
where, after a time, it becomes so serious an obstruction as to 
interfere with the efficient working of the blower, and often 
causes us to wonder why the blower does not do as well as 
formerly. I have known cases where underground pipes have 
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become filled to the extent of fifty per cent. of their original 
cross section, and the blower failed to do the work required of 
it from this cause alone. 
- Second, in reference to the hoods shown in the illustrations 
to the paper. The reason for adopting the underground pipe is 
given in the paper as affording the instructor an unobstructed 
view of the work of.the students. If this is of paramount im- 
portance it should not be made the subject of criticism, but, for 
the benefit of those of our members who are interested in the 
practical working of forge shops, and, incidentally, in cases 
of large operations of tempering in oil, where large volumes 
of smoke are to be carried off, let me suggest a good plan for 
hoods sometimes adopted. 

The illustration (Fig. 53) shows the ordinary conical form of 
hood as seen in all forge shops, with the addition of a smaller 
cone attached within it. This 
smaller cone reduces the area EE 
of entrance for the gases, yet cnenstedfiy 
permits of the spreading of the splot 
outer cone over the fire to col- sein esp 
lect the smoke and bring it 
under the control of the ex- 
haust fan. It will readily be f 
perceived that the contraction “\ 
of inlet increases the suction 

ge 1G. 53. 
per square inch around the 
periphery of the cone, and prevents the smoke from escap- 
ing around the edge of it, and away from the influence of the 
fan. The opening in the top of the inner cone permits of a suc- 
tion at this point which tends to relieve the hood and cause cur- 
rents toward the centre ofit. This fact will be recognized : that 
with a suction of, say, about one-half inch of water in the pipe 
D, the velocity of flow through it will be about 2,788 feet per 
minute (vide Kent’s Mechanical Engineers’ Hand Book, page 514), 
and if the circular area B plus the area of the annular space C 
equals the area of pipe D, the velocity at these points will be 
the same; now, if the inner cone 4 be removed, and the diam- 
eter of cone equal four times the diameter of the pipe, or sixteen 
times the area, not an unusual proportion, the mean velocity at the 
base of the cone becomes 2734, equal only to 120 feet per minute. 
The foregoing demonstration is based upon the equal suction of 
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the whole surface of the base of the cone, while in fact the 


a : : action will be to supply the capacity of the pipe D with a body 


of air from the centre of cone, reducing the velocity at the cir- 
cumference to such an extent as to be inoperative in carrying 


off the smoke, and it rolls out under the hood, as we all have 


seen it; with carbonic gases and unconsumed carbon, the weight 


is greater than atmospheric air, and the velocity would be even 


_ less than given in the above example. 

I notice that the sizes of the blower and exhaust fan are not 
given, and I only can judge of them by the size of the outlets. 
From this information, and from the fact that the blower was 
afterwards used for blowing a cupola furnace, I judge the blower 
was a No. 2 or No. 3 Sturtevant steel pressure blower. 

The net diameter of outlet of a No. 2 Sturtevant steel pressure 
blower is 43 inches, the diameter of the wheel 14,°,; inches, and 
the combined area of all the discharge outlets supplied by it 


should not exceed 4;% square inches to secure the greatest 
efficiency ; while the No. 3 has an outlet of 5} inches, wheel 17 


inches in diameter, and the combined area of all outlets should 
not exceed 63 square inches. One or the other of these blowers 


; z _ was used to supply the blast to twenty forges, presumably at 


times simultaneously, each requiring an outlet of about 1; 
square inches, or a total of 24.5 square inches, equal to .17 square 
foot. 

If the above statements are facts, it demonstrates conclusively 
to my mind that the blower used was entirely too small for the 
work to be done, and the efficiency of the blower greatly im- 
paired, with the percentage of increase of power far beyond the 
necessities of the case. I will further call attention to this 
point, that the main pipe that supplies these 24.5 square inches 
of blast had only 19§ square inches of area. In this case it 
resolves to this: if a pressure of, say, one inch of water in the 
blast at the outlet is necessary for the work, then the pressure 
in the main pipe must be greater and the pressure generated by 
the blower much more under these circumstances. The pres- 
sures at the various discharge outlets would not be uniform and 
equal, and this is shown in the table given in the paper. The 
question of saving in power in so small an application may be 
of minor importance, and probably was in this case, but it 
seems as a good illustration for the proper selection and appli- 
cation of both blower and pipes. A No.4 Sturtevant Monogram 
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been the proper selection in-this case. 
ic There are probably in use to-day, in this country alone, at 
- Jeast 100,000 blowers and exhaust fans, and if, by proper appli- 
cation, only one horse-power each can be saved in the power 
_ used in driving them, then 100,000 horse-power would be saved, 
- which, at a cost of $50 per horse-power per annum, amounts 
to $5,000,000 annually. This estimate, in my opinion, is actually 
below the facts if they could be known. Let me make a sug- 
gestion right here that the proper selection of a blower is one 
_ which has a capacity equal to all the discharge openings and 
_ the size of pipes made to carry the required volume of air with a 
- minimum loss by friction. This is the view taken by manufac- 
turers when they proportion the size of their outlets, and while 
the outlet greatly exceeds the effective area of terminal dis- 
. charge, it serves its purpose well in determining the size of 
main pipes for lengths not exceeding, say, 100 feet. 
The author says he corresponded with different manufacturers 
of fans about the size of pipes, and their replies were so at vari- 
ance with each other it was determined to follow the design 
- shown. I do not know with whom this correspondence was 
-_ earried on, but probably a variation of opinion among the differ- 
ent manufacturers as to the greatest advisable loss of pressure 
due to friction was the reason for differences of opinion as to 
size of pipes. 

In reference to the size of fan and pipes used in the exhaust- 
ing arrangement it is quite evident, if the system designed for 
the blast is correct, that for the exhaust must be really too large, 
as the work to be done in the one case is only exceeded in the 
other by the introduction of gas, due the consumption of coal, 
and the expansion of air supplied by heating. 

The principles governing the capacity of an exhaust fan are 

_identical with those of a blast blower, and no exhaust fan and 
system of piping is correctly applied when the sum total of the 
area of all inlets is not within its capacity. Capacity is a 
technical word adopted by manufacturers, and means the number 
of square inches of outlet for a blast fan, and the number of 
square inches of inlet of an exhaust fan, which the fan will sup- 
ply without any appreciable loss from the pressure due the 
speed of the fan; when designed within these limits, the open- 
ing or closing of any of the branches will have no effect on the 
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_ pressure and consequent volume of air discharged per square 
inch from any other branch. 


Prof. C. L. Weil. —With regard to drainage, the trenches, 


‘beneath the boxes. With regard to any inconvenience arising 
Be os the stopping up of the pipes, I only need to state that no 
te such trouble has occurred. This plant has been running two 
4) _ years, and the piping is practically free from sediment or dirt. 
This; is a school shop, and it was necessary to use a blower that 
was on hand, the authorities only granting permission to pur- 
chase an exhaust fan, and thus the size of the blower was limited 
by financial considerations. The blower was considered at the 
time of installation somewhat small for the purpose for which 
was employed. 
I would like to have some information in regard to proper 
i sizes of pipes for such work, particularly in view of the cor- 
- respondence with makers mentioned in the paper. The recom- 
mendations for size of exhaust pipe, made by three of the 
prominent concerns of this country, differed very much, the sizes 
ee. recommended being 15-inch, 30-inch, and, I believe, 20-inch. 
oan . We were under the impression that we did not know so very 


much about this matter ourselves, but on comparing the areas 
of 15-inch and 30-inch pipe, felt we had better make some 
_ experiments. When the makers recommended pipes for the 
same work varying as four to one, we felt the makers also 
needed to investigate this matter. 
While it is acknowledged that a larger blower would work 
7 - somewhat more economically, still the present blower does the 
; — work i in a very satisfactory manner. 

Mention has been made of the shape of the hood, which is a 
oe : matter of considerable importance, and I desire to state that the 
interior of the shop was whitened and painted in light colors 
ee - maaely two years ago, and although the shop is run nearly every 
afternoon of the college year, the interior is not discolored by 
= _ smoke, but remains clear and white, which fact, I believe, goes 

. _ to show that the smoke and gases do not escape the hoods to 
any great extent. 

With regard to placing piping under ground, I desire to state 

that this is a desideratum in school shops, particularly when 

ke «. 6 limited .for space, where the instructor needs to have a clear 


~ _ view of the men and their work from any part of the shop. 
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Mr. O. C. Woolson.—It strikes me that in so far as the general 
appearance of the shop goes, it would be a very pleasant one, 
but in the past few years there has been a great deal of improve- 
ment in some of the little details of forge work and of forge fur- 
naces, and a form of one which I have found to work very well __ 
consists of a cast-iron slab or table, on which is fastened a plain 
cast-iron box with thin walls, lined with ordinary fire-brick. 
These bricks extend up at the four corners, on which is placed => 
a large fire-brick slab. This slab is encircled with a wrought- 
iron band extending above its top side a matter of an inch or 
two, as the case may be, which is filled with sand. Underneath 
the cast-iron slab, or table, is fastened the tuyere box, the blow- _ 
pipe being brought in from one side. The tuyere boxis annular, _ 
and made with a swing-door in the centre, which, by pulling a 
latch from under it, drops the whole bottom of the furnace right 
out, and your forge is clean. Coal is dumped in on either side, 
lies there and cokes, and works down naturally into the fire. — 
The opening into the fire extends right through. You can take 
a bar of iron of any length into the furnace, and there is nothing __ 
to interfere with it in any way. A hood over the top to carry _ 
off the gases is hung from above. I think you will not find 
many of such furnaces, and yet where you do, you will find that 
they are very successful, and I will state that they are very _ 
economical in coal. f 

Mr. S. M. Green.—I would like to ask the gentleman if that 
is simply for a bar of iron, or could rings and such work as that 
be forged in them? As I understand his description, it is 
simply a hole through which a live bar of iron could be pushed. 

Mr. Woolson.—I will simply say that the top or brick slabis 
movable, and you can pick it right up and lay it aside in case it _ 
is necessary to get in special work. Still I think there is more 
forge work which would not require it to be taken off. I might 
add that this top slab, with its wrought-iron protecting band, _ 
besides being a reflector, makes a good annealing box. ae 

Mr. H. H. Suplee.—The furnace sketched by Mr. Woolson is 
almost identical with one with which I am very familiar, and 
which has been in use in Philadelphia for at least fifteen years _ 
for brazing large band-saws. There is one difference, however, _ 
and I think one which is quite an improvement—the fire- _ 
brick arch which Mr. Woolson shows supported by the four _ 
corners is suspended from above by a rod in the band-saw 
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= brazing furnace. There is a light wrought-iron bar around the 
te - edge of a fire-brick block, fitting into a groove and clamped 
there to hold it, and this brick is suspended by a rod which 
goes a short distance up into the hood, and then comes out and 
is attached to a lever arm, so that the suspended fire-brick’ can 
be raised or lowered from without. The band-saw is an endless 
_ strip of steel, and has to be brought around underneath the forge 
: and back and the scarfed joint laid on top of the fire. The blast 
- eomes from below, and the reflected heat from above should, if 
ied possible, be nearly as strong as that from the blast underneath. 
tae To do this the saw is placed in position, and then the fire-brick 
is gradually lowered to within two or three inches of the surface 
of the band-saw. The moment that the temperature has reached 
the proper degree, the saw must be almost instantly removed 
=a - and pressure brought to bear upon it, and to do that this fire- 
brick must be promptly taken out of the way, and the whole saw 
drawn out and a screw pressure placed upon it, forcing the 
i; brass solder out and brazing the parts together. This form of 
_ furnace has been found very successful in the establishment 
= referred to. In other respects the furnace is very much as Mr. 
Woolson describes. 

Mr. W. Barnet Levan.—Something has been said here in 
regard to the area of the pipe carrying from the blower to the 
furnace. About twenty-five years ago Mr. Corliss built a new 
foundry, and to save time he utilized an old chimney under- 

f - ground flue which was four times the area of the outlet of the 
flue of the blower, and he found that he got an increased volume 
oe _of.air and an increased blast with the same old blower. I only 
mention this to show that an air-flue of large area acts similarly 
to the reservoir of water-works. 
Mr. Snell—The speaker stated that in answers received 
from different blower manufacturers some recommend 15-inch 
diameter for the main pipe, and others said as high as 30. I 
fail to see any discrepancy in such answers, as it all depends 
upon how we look at it. A 15-inch pipe will carry the volume 
of air with a certain velocity and loss from friction due that 
ES. velocity; a 30-inch pipe will carry the same volume of air 
with less velocity and less loss for friction. The 30-inch pipe 
costs more money, but saves in running expenses, and, independ- 
ent of financial reasons, the larger the pipes for conveying air, 
_ provided they are tight, and the terminal reduced to or within 
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the capacity of the blower, the better they are for the work, no 
matter if they are as large as “all out of doors.” After the 
-pipe has been filled with air, we only supply the volume of air 
taken out, and with a large volume, as a reservoir, the velocity is 
slow, the losses small, and we more nearly maintain the pressure 
at point of delivery due the speed of the blower. 

In answer to another remark he makes. He states the walls 
of the shop were painted white and showed no discoloration 
from escaping gases from the hoods. From what I have 
already said in regard to the exhaust fan, and from the fact of 
exhausting through a 10-inch pipe all the air, etc., from a two- 
inch pipe, I should be surprised if the whole volume of gas was 
not carried away and 4 large portion of extraneous air from the 
shop, heat and all. . should not expect any rolling-out of gas 
and smoke under such circumstances. 

Mr. William Kent.—I have had some experience with a forge 
something like that described by Mr. Woolson. I can confirm 
his statement as to the value of it. The difference was that 
instead of a very small brick structure we had a rather large 
cast-iron house built above it, lined with fire-brick, and a large 
chamber in which we put things as large as 12 inches square if 
necessary through the hole in front of the house. In that case, 
instead of taking the coal through the side we simply put it 
through the door. In an ordinary blacksmith’s forge, such as is 

_ shown in the cut, the coal coking on top forms a roof of white- 
hot coal reflecting the heat down to where the bar is, while in 
this other kind there is a roof of hot fire-brick, which would 
seem to be better than a coal roof, for it loses less from radia- 
tion and distillation. I think this forge is to be considered an 
improvement upon the common forge. 

Mr. Suplee.—With regard to the coal roof and the fire-brick 
roof, in the case of the band-saw furnace of which I spoke it is 
absolutely necessary that there should be no dirt of any sort in * 
contact with the saw blade. There the saw was raised above 
the fire so that nothing but the clean flame struck the lower __ 
part of it, and radiation from the fire-brick roof acted upon the __ 
upper side. The whole thing is simply in a tremendously hot 
atmosphere, because it must be taken out and handled immedi- = = ~~ 
ately without the possibility of any dirt or scale or cinder being == 

in contact with it. 

+ Professor Weil.--It seems necessary for me to repeat that finan- 
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cial considerations had a strong influence in making a choice of 
blower—in fact, necessitated the use of a blower then on hand. 
In regard to choice of exhaust pipe, I presume there is a 

' limit to the size of pipe one can afford to purchase, admitting 
that the larger pipes are the more economical when operating, 

_ with respect to first cost. No doubt the makers are willing to 
disregard such a limit, and would be satisfied to have one 
purchased which I would consider an extremely large pipe for its 


Mr. Woolson.—I have noticed since my former remarks that 
this design of the forge shop is for a college. It did not occur 
to me when addressing the meeting, therefore I want to say to 
ae, the author of the paper that I thought it was for ordinary, every- 
day smith-shop business, where furnaces are running continually, 
and I want to take back any criticisms I made of his design, and to 
say that I think a design similar to his for shops in colleges is 
better in many respects than the sketch I put on the board. 
Permit me to say one thing more. I made a remark about the 
economy of a furnace of the kind I have sketched. Mr. Hill of 
the Collinsville Company has just said to me that they are using 
- enreen furnaces similar to that, and they find that they are 
saving at least 50 per cent. of coal. 
Prof. P. M. Chamberlain.*—The experiments which this paper 
- records were undertaken to determine the amounts of air and 
_ smoke handled per pound of coal in forging operations, and in- . 
: ES to trace the disposition of the heat, very little of 
which, as is well known, being used in heating the work. To 
_ make the data comparable with other conditions, a description 
the plant was desirable. 
; on The selection of blower and exhaust fan for such work is a 
ees simple matter when it is known how much air must be supplied 
and how much mixed air and smoke taken away. Within cer- 
‘tain limits it is, from the financial side, the one usually con- 
sidered, a question of saving in power by using the larger 
machines and pipes, versus the interest and depreciation on the 
greater first cost. 
ene ‘< The design is not presented as a model of perfection in this or 
any other respect, but was, with the data and money at our dis- 
posal, the best we could contrive, and has proved satisfactory. 
7 = _ The machines used are handling the work without great loss 


* Author’s closure, under the Rules, 
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of efficiency, as calculated by the Sturtevant Blower Company’s : 
tables, and it is doubtful, according to calculations | have re- _ 
cently made, whether an increase of efficiency by using larger 
machines would counterbalance the interest on the increased _ 
cost. While the design was for a school shop, I believe a ; 

down-draft feature, doing away with suspended hoods and pipes, © a 


would be appreciated in many of the regular business shops. 

The cast-iron hoods are more expensive than those made of / 
wrought iron, but are, I believe, economical, as wrought iron is F an 
very short-lived under the direct action of the gases and cinder ~ gis. 
from a forge fire. ae 

A number of the speakers have condemned underground - 
pipes, but our experience with them, in this instance, has been 
very satisfactory. With proper design they may be made quite ~~ 
as accessible as overhead ones. The objection urgéd against ~ 
underground blast-pipes becoming clogged by reason of the pre- 
cipitated moisture, does not hold in a case where the smoke- 
flues occupy the same trench. This may be readily seen by 
noting that, as given on page 225, the air in the blast was 
raised from 80 degrees to 131.66 degrees between the blower and 
forges. 
In reply to Professor Hutton’s question, I would say that ae 
when the plant was designed, it was expected that'it would be 
necessary occasionally to remove the trench covers at the ex- 
tremities of straight runs of pipe, and introduce a sweeper 
operated by either a chain or wire. With two years’ use 
has not been found necessary, the velocity of the air being such 
as to carry along with it pieces of coke even as large as a hick- 
ory nut when thrown within the hood. It would be interesting _ 
to know how low a velocity of exhaust would be sufficient for 
this self-cleansing process, for in a down-draft arrangement a 
a point would limit the area of the pipe for any given ea 
of air handled. 

I wish to correct the misapprehension of Mr. Snell regarding 
the comparative area of the tuyere openings and the blast-pipe. 
The area of the main blast-pipe is 28.27 inches, and the com- 
bined area of the tuyeres 24.5 inches when all are open wide, o 1% 
condition that would seldom exist. As the plant runs when i in 
ordinary use, it is not unlikely that the blower would handle, 
instead of 10.06 cubic feet per second, wee stele two-thirds 
of that amount or less. 
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_ My observation of smoke exhausting from an open fire will 
_ not enable me to agree with Mr. Snell when he says that the 
_ work done by the exhaust fan exceeds that of the blower only 


by the introduction of gas due to the consumption of coal and 


_ the expansion of air supplied by heating. In the case in hand 

the exhaust fan is speeded 

as low as it will thoroughly 

carry away the smoke and 

gases; and on page 225 we 

=i the ratio of exhaust to 

_ blast to be eight to one. 

‘Mr. Snell’s statement would 

_ hold only with a closed fur- 
mace. 

The forges described by 

Messrs. Woolson, Suplee, 

and Kent are without doubt 

superior for commercial 

__- purposes, but would not, I 

si am inclined to think, so 

| well answer the purpose of 

‘instruction as the ordinary 

open fire. 

We have in our shop a 

forge for tempering in lead 

and sand baths, which in 

pre those described. 

eA feature of the tuyere 

box, the idea of Mr. Paul 

54. 'Theadore, proves so satis- 

factory that I present here 

a sectional view of it (Fig. 54). The blast-pipe is connected to 

the tuyere box, which is also the bottom of the furnace, by 

means of a hinge, and the bottom may be dropped at any 

time without disconnecting the blast-pipe. The top can be 

lifted out and the box cleaned very conveniently, =| 


bo 
geo 


% 


Exhaust pipe 


pipe 


pels bet 


a 
a 
vi 
~ 
we 
. 
| 
> 


COMPARATIVE TESTS OF STEAM BOILERS WITH ia 


ree awe wv BY CHARLES E. EMERY, NEW YORE, N. Y. or 


2°: 


(Member of the Society.) 


$1. THE meeting of another prominent engineering society in a 
‘tthe same week as the Detroit meeting of this Society, unfortunately — 7 
prevented the writer from examining and discussing the paper of 
Mr. F. W. Dean on the “ Efficiency of Boilers: A Criticism of the 
Society’s Standard Code of Reporting Boiler Trials.” As a mem- fe oe 
ber of the original committee of 1886, the writer has recently 
been appointed a member of the new committee in accordance 


with the suggestion brought out in the discussion of Mr. Dean’s - ea 

paper. The primary object of the present paper was to acquaint =” 

the new members of the committee with some of the considera- 

tions which governed the writer individually in the action fore = 


merly taken, and to invite the other members to similarly con- 
tribute their views in advance of a meeting for oral discussion. 
Mr. William Kent, on whom, as the originator of the movement in 
1886, has devolved the duty of calling the new committee together 
for organization, suggested, however, that the paper be put in such . 
shape that it could be presented to the entire membership of the © 4 
Society, and that written discussions be invited to be acted on 
at the first meeting of the committee, and with this object turned 
over to the writer copies of his previous writings on the subject. 

An attempt to carry out the suggestion has been made with some - tag 
hesitation, as it is impossible to discuss the subject exhaustively — — a3 s a 
in a single paper ; but we have endeavored to give a digest, with, a 
references, of the information available in regard to the a 
important suggestion of Mr. Dean, which will show, in some 
degree, the difficulties to be overcome, and hope that any 
deficiencies in treatment will be corrected or supplemented by a 
free discussion. 


* Presented at the New York meeting (December, 1895) of the American 
‘Society of Mechanical and part of Volume — of the 
Transactions. 
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§ 2. The paper of Mr. Dean criticises the standard code of 
1886 from the fact that it provides to compare the efficiency of 
boilers by the actual evaporation per unit of combustible. The 
paper claims that “combustible, as well as coal, varies in heat 
value per pound ;” and urges that boiler trials should be reported 
on the “basis of efficiency,” which is defined to be “the ratio 
between the total heat which any given coal can generate by com- 
plete combustion, and that part of it which is absorbed by the 
water, and steam heated and generated.” He adds: “There are 
two methods of obtaining the heat value of coal; one by burning 
a representative sample in some kind of oxygen calorimeter, and 
the other is to analyze the coal, and equate the ‘elements with 
their heat values.” 

§ 3. It would be strange, indeed, if there were not omissions in 
the original “ Report on a Standard Method of Steam-Boiler 
Trials.” Specifications of ordinary machines and structures are 
improved every year to keep up with the progress of thought and 
experience. On the same principle, additions may be desirable 
to the code of rules for testing boilers, but investigation shows 
that the standard above proposed involves so many irregularities 
that, at the best, it can only be employed to supplement, rather than 
supplant, that already established. Conclusions drawn by reason 
from accepted elementary facts are not always correct, because 
the combinations, so easily made mentally, involve actually many 
unknown physical conditions. Many such conclusions are so 
evident that they are suggested again and again. For instance, 
nothing is apparently more reasonable than the recommenda- 
tion in Mr. Dean’s paper “to analyze the coal and equate the 
elements with their heat values,” but it was known over fifty 
years ago that this method did not give the practical value of fuel 
for the purposes of generating steam. 

§ 4. Experimentally, hydrogen burned in oxygen has over four 
times the calorific value of carbon. It seems evident, therefore, 
that the value of the fuel should be greater, the larger the propor- 
tion of hydrogen it contains, but such is not the case.* The evi- 


* This general statement implies that no oxygen is present, or refers to the 
weight of hydrogen in excess of that required to form water with the combined 
oxygen, The theoretical calorific value of a fuel as given by Rankine (@ 272)* is 
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dence to the contrary was at an early date overwhelming, and it 
was claimed by many that the commercial value of coal of all 
kinds was practically proportioned to the carbon element alone. 
From the weight of evidence, it appears to the writer that this ae 
simple rule is, in a general sense, as nearly accurate as any other 
that has been suggested for a number of varieties of coal burned — _ 
with ordinary apparatus and management (§ 42). é 
§5. It has also been suggested that the practical evaporation | x 
bears a definite relation to the proportion of “fixed combustible,” _ = 
or that remaining after the volatile matter in the coal has been _ oe 
distilled off; but from the weight of evidence it appears to the ms: 
writer that this proposed rule is not generally applicable, though © “ ie 
it should be borne in mind that the proportions of fixed and 
volatile combustible matter are used universally as a means — ay 
of identifying and classifying different kinds of fuel. A well- — 
established result of this classification is that the evaporative 
efficiencies of anthracite and semi-bituminous coals containing 
less than 20 per cent. of volatile combustible are, in a general 
sense, nearly equal, independent of chemical composition; though, 
as a rule, the theoretical calorific value increases considerably, 
and the practical evaporation slightly, with the increase of volatile 
matter within these limits. On the contrary, as the proportion 
of volatile matter increases above such limits, the percentage of 
the total calorific value of the fuel utilized is, as a rule, reduced 
_ materially with ordinary apparatus and management. It is true 
that the calorific value of many coals reduces as the percentage 
of volatile matter is increased; but this is not always the case, 
particularly with the coals of this country. The percentage of 
efficiency is, however, in general decreased with the increase of 
volatile matter above the limits mentioned. 
$6. Most of the coals used on the seaboard and in the eastern 


in which = the calorific value; C =the weight of carbon, with a calorific 
value according to Fabre and Silberman of 14,500 British thermal units; 
H = weight of hydrogen, with a calorific value by the same authority of 
62,032 units. Dulong’s original formula, as quoted in another reference (j 505)*, 
reduced to same units and notation, is practically the same, being 


Minor variations of these values have been suggested, based on changes in the 
calorific value due to differences in the densities of the elements ($$ 7 and 24). 


h = 14,544 C + 62,032 (x ~ 


* See list of references, §48. 
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Sie Bs 3 part of the United States have less than 20 per cent. volatile. 
be matter in their composition, and, in a general sense, with con- 
ditions favorable to each, give substantially like evaporative: 


results ($16). Each, however, has peculiarities of its own, so 


' that, with ordinary apparatus and management, the results vary 
26 _ somewhat, and the mechanical structure of the coal (§7) seems to 
have more influence on the result than the chemical composition.. 


The practical results for the softer coals of the same class, sub- 
stantially alike in appearance and composition, also vary in much 


I 


efficiency when the volatile matter is greater than 20 per cent. 
«$7. The above will serve to give a general impression of the 
information available on the subject. The explanations that 
ie ne have been made of various observed phenomena are more or less 


conflicting because based on experiments limited in number, or 
ee a carried out in a manner which did not develop all the conditions. 
One difficult question to explain has been the variations in prac- 
tical result shown by coals of substantially the same chemical 
composition. These differences have frequently been referred to. 
a less percentage of refuse, and to differences in the refuse as. 
respects the formation of clinkers, etc., whereby less labor was. 
required to handle the fires, the fire-doors were opened less, and 
there was less heat carried away in the refuse itself. All these: 
practical questions are of importance ; but it is probable that the 
_ more important variations in result are due to the different way 
in which the components are united chemically, and, as stated, to- 
a difference in mechanical structure of the coal. Itis known that 
a difference even in the allotropic form of the element affects the 
calorific value, Berthelot finding nearly 5 per cent. difference in 
_ calorific value due to the combustion of carbon in the form of a 
diamond, and of amorphous wood charcoal (4 101).* It is known 
that in comparing coals of very similar composition, some will smut 
- the hands and others will not; some have little cohesion, like 
rotten wood, others are like stone. The suggestion that the cal- 
orifice value may vary with the mechanical structure is, therefore, 
very probable. It has occurred to the writer that these differ- 
ences may be very much akin to those resulting from the mixtures 
_ and combinations of carbon and iron, resulting in cast iron, malle- 
able iron, soft and hardened steel, ete. 

§ 8. In burning coal with a large proportion of volatile matter 


* See list of references, § 48. 


a the same way ; but in general all show a falling off in evaporativ 


‘TESTS OF STEAM BOILERS WITH DIFFERENT KINDS OF COAL. <— Ca 


the volatile products, which latter are not consumed in te ‘Seg 

furnaces, but escape to the chimney. The experiments show, _ . ; 
stated, that the loss of heat increases with the proportion of volae 
tile products, and Rankine (a 292) gives the carbon value of losses ae 
on the several assumptions: First, that hydrogen only is wasted; = 
second, that the carbon is combined with hydrogen in the same _ 
: proportion asin “marsh gas ” and the product wasted ; and third, tA 
that the combination is in the same proportion as in “ olefiant gas” _ 

and the product wasted. This would seem to imply that, at the on 
__ temperature of the furnace, carbon and hydrogen unite to form = 
_ hydro-earbons, but this is probably not the case. Any hydro- 


part of the coal itself, released as gases by the heat of the fur- 
nace, and in the main carried away, wasting the heat due to their 
chemical composition, which it is interesting to note is less than 
the sum of the calorific values of the elements (§ 24). The im- 


can, in part at least, be explained by the great volumes of gases 
disengaged, which prevent a proper admixture with the air sup- 
plied, and which, moreover, absorb a portion of the heat of the 
combustible consumed. 
$9. Those of us who were in the United States naval service 
during the late war, appreciate the great services rendered the 
profession by the very numerous and elaborate investigations 
2 participated in or made under the direction of Chief Engineer 
B. F. Isherwood, United States Navy, before and during the time 
he was Engineer-in-Chief of the Navy. His publications contain 
the details of very many excellent and carefully conducted tests 
_ with boilers of different types and fuel of different kinds. Analy- 
ses were made of typical coals employed in the naval service, 
and the corresponding calorific values compared with the actual 
results obtained in practice. In his early writings he urged that 
the commercial value of coal was measured entirely by the carbon 
element, as was the early belief; but afterwards, in testing one of 
_ the Pittsburg coals with a large percentage of volatile matter, he 
considered that the hydrogen showed in practice about half the 
calorific value of carbon, instead of upwards of four times that 
_ value as shown by combustion in oxygen (71.151). This, how- 
ever, was with a coal richer in ie than any other that has 
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Analyses of different kinds of coal used during two of the 
' series of experiments recorded in his publications are herewith 
presented in Table I. The coals are arranged in the order given 
_ in the two experiments, so that the comparative results obtained 
in practice can be written in additional lines below. Other 
analyses by Johnson are also given, which will be referred to 
hereafter. The Blackheath anthracite (Col. A.), of which an 
analysis is given, is a hard variety from Schuylkill County, Pa. 
The Cumberland semi-bituminous coal (Col. C.) was from the 
Maryland coal fields. The Ormsby bituminous coal (Col. D.) was 
from the northwestern part of Pennsylvania, near Clarksville, 
eighty-five miles $.S8.W. from Erie. The Lehigh is the familiar 
hard anthracite from the region of the same name. 

§ 10. The experiments upon the three coals first named were , 
made in the smithery boiler of the Navy Yard, New York, in the 
years 1858-59 (c. II. 3). This was before the dormant energy of 
the nation was aroused by the call to arms; and, singularly, while 
it was thought necessary to analyze the different coals carefully, 
it was considered sufficient to ascertain the evaporation by the 
use of the indicator. However, as the engine operated at nearly 
full stroke, and had nearly a constant load from fan blowers, 
the results, though appearing low, are strictly comparative, and 
the analyses are important in connection with later trials, in all 
of which the water evaporated was carefully measured. The 
relative evaporations per pound of combustible without and 
with air admitted over the fire, through openings in the furnace 
doors, are given in lines 18 and 19 of the table, and the calorific 
values by ultimate analysis, according to formula stated in § 4, 
are given in line 17. Comparing the experiments with the three 
coals first named, it will be seen that the semi-bituminous (C) had 
the highest theoretical calorific value and the lowest percentage 
of carbon by both ultimate and proximate analyses, and gave 
substantially the same evaporation with air admitted over the 
fire as the Treverton semi-anthracite (B), with lower theoretical 
calorific value and higher carbon. The Blackheath anthracite (A), 
differing from the Cumberland very little in ultimate analysis, did 
not, during these experiments, do as well as either, but much less 
difference is shown in other experiments. 

§ 11. The experiments with the coals referred to in Columns D 
and E of the table, viz.: the Ormsby bituminous and Lehigh anthra- 
cite, were made with one of the boilers of the U. 8. S. Michigan, at 
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Erie, Pa. (d. I. 145), the evaporation being at a pressure of 20 = 


pounds above the atmosphere. The Ormsby coal had only 5.51 
per cent. of ash and the Lehigh coal 18.53 per cent. The 


evaporation from and at 212 per pound of combustible, duringtwo _ 
successive trials of 72 hours each, was, for the Ormsby coal, 9.512, 


and for the Lehigh coal 10.126. As shown in line 15, the cal- 
orific value of the Ormsby coal was 24,988 B.T.U.,* and that of 
the Lehigh 15,390, yet the latter gave the better result, and the 
analysis shows that it contained the larger percentage of carbon 


both from ultimate and proximate analysis. These experiments _ 
illustrate the falling off in evaporation, due to increase of volatile _ 


products, which has already been mentioned, though not at such 
a rapid rate as will be shown in relation to other experiments, on 
account of the large proportion of hydrogen in the Ormsby coal. 

‘$12. The fact that the evaporation with semi-bituminous coal is, 
under average conditions, somewhat greater than with anthracite, is 


shown by a considerable number of experiments, but it also appears — 
that under certain conditions the advantage disappears. It was — 


the habit during the war, when anew boiler was put in a vessel, to 


make a 72-hour trial of the same before the vessel went on duty, 


and, in a number of such cases, two trials were made, one with 


anthracite coal, the other with semi-bituminous. The trials were — 


at atmospheric pressure; the steam escaping through a large 
opening, formed usually by disconnecting the steam-pipe, and 
substituting a hood attached to the stop-valve, to turn the 
escaping steam downward. The feed-water in each case was 
carefully measured in a tank located on the dock alongside. 
The first of these experiments we refer to is that with the flue 


boiler of the James Adger (d. IT. 448). The coals used are de- 

scribed as Pennsylvania anthracite and Cumberland semi- © 
bituminous, not picked in either case. The former had 11.10 — 
per cent. refuse, the latter 9.55 per cent. The evaporations — 


from and at 212 per pound of combustible were 8.667 for the 
former, and 9.647 for the latter. Some of the other trials, and 
probably all of them, were made with lump, or, practically, picked 
coal, and these show higher results than the first; but the varia- 


ation may be in part due to differences in the proportion of : 
boilers, differences in the particular coal used, and differences in 7 
Management, as in these cases the trials were made in different — 


places by different officers and men. 


* The analysis is questioned. See t, Table I. 


4 
> 


at 
q 
om 
By 
A 
a 
. 
= 
q 
q 
i 


‘ 
int 
‘ 


246 TESTS OF STEAM BOILERS WITH DIFFERENT KINDS OF COAL, 5 


§ 13. Similar experiments were made with the flue boiler of 
the U.S.S. Underwriter (d. I. 279), the coal being described as 
Pennsylvania: anthracite from Harvey’s Mine, and George's 
Creek, Cumberland. Refuse for the former, 11.37 per cent.; for 
the latter, 13.19 per cent. Evaporation, from 212 degrees per 
pound of combustible, for the former, 11.257, and for the latter, 
12.370. We next refer to similar experiments with a Martin 
boiler on the U.S. 8S. Wyandotte (d. I. 272), Blackheath anthracite 
being used in one case and Broadtop semi-bituminous in the 
other. The steam generated escaped at atmospheric pressure 
through an open man-hole. There were two experiments with 
each coal, the refuse being for the anthracite 13.11 per cent. and 
10.90 per cent., and for the semi-bituminous 8.57 per cent. and 
11.61 per cent. The evaporation from and at 212 per pound of 
combustible was, for the anthracite, 11.983 without air over fire, 
and 12.412 with air admitted through openings in furnace doors. 
For the semi-bituminous coal the corresponding evaporations 
were 11.466 without air over fire and 11.677 with air; the 
anthracite under latter condition giving a better result. During 
one experiment of 72 hours, with a lower rate of combustion, the 
anthracite gave the remarkable evaporation of 13.865 pounds of 
water from and at 212 per pound of combustible. 

§ 14. During experiments with the return tubular boiler of the 
U. 8S. S. Valley City (d. I. 255), using Susquehanna Valley an- 
thracite and Cumberland coals, the former with 17 per cent. 
refuse, the latter with 12.48 per cent. refuse, the evaporation from 
and at 212 per pound of combustible was, for the former, 11.278, 
and for the latter, 11.475. The U.S.S. Mount Vernon (d. I. 244), 
with similar coals, showed 10.02 per cent. refuse for the anthra- 
cite, and 15.07 per cent. for the bituminous, and gave an evapora- 
tion from and at 212 per pound of combustible of 10.526 for that 
first named, and 10.948 for the other. 

§15. The most complete set of experiments for our present 
purpose was, however, made in the year 1862, with the machine- 
shop boiler, Navy Yard, New York (d. 1. 318). It was of the 
horizontal tubular marine type, with two internal furnaces, de- 
signed so that it could be used as a donkey boiler on board a 
naval vessel. Experiments were made with fifteen different vari- 
eties of coal, the water being carefully measured. The evapora- 
tion was at atmospheric pressure. Each experiment was of 72 
hours’ duration. The same men were employed throughout, and 
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Evaporation i 
Percentage |from and at 212° Evaporative 
pr of Refuse. r Pound of Efficiency 


Scranton........ 17.25 10.125 .897 
Authracites from Lu-} |Boston.......... 20.95 11.136 - 986 
zerne Co., Pa........ 1 |Hazleton........| 15.08 10.419 = 

, Pittston........ 17.45 10.452 é 
Council Ridge...| 10.80 10.812 .958 
{Spring Mountain.| 13.76 10.640 .942 
Mountain| 19.72 10.819 .958 
Anthracites from} |Unknown...... 14 16 10.240 - 907 
Schuylkill Co., Pa.... ) |Broad Mountain.| 19.36 10.204 - 904 
Blackheath ..... 17.29 11.284 1.000 
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great pains taken to make the conditions as nearly the same as ao 
possible. The general results are shown in Table IT. 


TABLE II. 


SHOWING RESULTS OF EXPERIMENTS WITH MACHINE-SHOP BOILER, Navy 
YarD, New YorK, To TEST THE EVAPORATIVE EFFICIENCIES OF 
DIFFERENT KINDS OF COAL. 


Per Cent. Pounds. 


Semi-Anthracite......... Glen Carbon .... 


17.66 11.184 


Broadtop........ 13.88 11 604 1.028 


Semi-Bituminous from 
Huntington Co., Va.. 


Semi-Bituminous Mat Cawberlend..... 8.39 10.228 |° .995 


Alleghany Co., Md.. 


Bituminous from Clin- ) 
Eagleton........ 13.08 10.701 .948 


$16. The result of these experiments showed that the practical _ 
evaporative efficiencies of the different kinds of coal available for — < 
steam purposes in the navy were remarkably near to being alike. ae ; 
Mr. Isherwood expressed the opinion that probably, if very much . 
larger quantities of coal had been burned, the average results for ae, oe 
each of the different anthracites would have been practically the | ir 

same, though different experiments might vary 10 per cent. from i AS 
each other, or 5 per cent. each side of the average. It isnot 
thought that so broad a generalization is warranted. Itis, 
surprising that the different coals gave results so closely approxi- __ 
mating each other, but this must have been largely due to skilful 
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management, for it is known that there are important differences 
in the behavior of different coals in the furnace, and that some 
require very much more careful manipulation than others, to se- 
cure satisfactory results. The semi-bituminous coals averaged 
better than the anthracites, but this Mr. Isherwood attributed to 
the proportions of the boiler, and claimed that, with a boiler prop- 
erly proportioned to burn anthracite, the results would be the 
same, and other experiments show such a result. Unfortunately, 
analyses were not made of the several kinds of coal at this time, 
but it is assumed that the anthracites were substantially of the 
same composition as the Blackheath anthracite given in Table L., 
and the bituminous coal substantially the same as the Cumber- 
land semi-bituminous given in the same table, which is probably 
true in a general sense. 

§17. The fact that the greater part of the Isherwood experi- 
ments were made at atmospheric pressure may be criticised, 
but the discharge openings were very large, and, moreover, the 
experiments correspond well one with another, and with other ex- 
periments with the same coal. For instance, during the experi- 
ments with the machine-shop boiler the average evaporation 
from and at 212° per pound of combustible for twelve kinds of 
anthracite coal was 10.868 pounds, and for two kinds of semi- 
bituminous coal 10.916 pounds, being 2.2 per cent. higher for the 
latter. The average of six experiments with the new boilers on 
steamers was, for the anthracite, 11.02 pounds, and for the semi- 
bituminous 11.264 pounds, or slightly greater, but the average of 
the semi-bituminous results was 2.2 per cent. better than for the 
anthracite, as before. In the Johnson experiments, with a small 
boiler referred to hereinafter, the corresponding average result 
from eight kinds of anthracite coal was 11.235 pounds, and from 
eleven kinds of semi-bituminous coal 11.597 pounds, or substan- 
tially the same absolute results ; the latter showing 3.03 per cent. 
superiority, though tested under entirely different conditions. 

§ 18. The earliest experiments of: note made in this country, 
and in some respects the most remarkable, were conducted under 
authority of an Act of Congress approved September 11, 1841. 
The experiments were made by Prof. Walter R. Johnson, of 
Philadelphia. His preliminary report to the Secretary of the 
Navy was dated November 28, 1843, and, with a final report dated 
June 6, 1844, was published as Document 386, Twenty-eighth 
Congress, First Session. Professor Johnson states that the inves- 
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tigation was instituted “on account of the difficulty which had 2 
been experienced and the complaints which had been made, rel- _ 
ative to the quality of coals procured for the naval service. It 
had been found that articles furnished to the government at full — 


prices did not answer the expectations of those concerned in _ 


their consumption. While paying the highest prices for fuel, the _ 2 
efficiency of steam vessels was sometimes impaired by its inferior = 
quality and the large amount of impurity. Some few experi- | 


ments on the subject had previously been made, under the author- 
ity of naval officers, but with means and appliances little caleu- __ 
lated to afford the desired information.” (0., p. v.) a 
§ 19. The professor was evidently a good chemist, with an a 
excellent scientific education. In his preliminary report (b., p. _ 
viii.) he criticises the several standards proposed to determine the 
heating power of combustible bodies. The method proposed by —_— 
Lavoisier, to wit, melting ice by combustion in atmospheric air or __ 
oxygen, was objected to as not on a practical scale, very small sam- __ 
ples being employed. Referring to the plan of Count Rumford, for 
raising the temperature of water by combustion of fuel, he states = 
that the range of temperature must be limited, or a small portion __ 
of fuel employed. He dismisses the experiments of a Mr. Bull, 
where the heating power was determined by the difference in 
temperature between an interior and exterior case, the former rt 4 
containing the combustible, with the statement that only a pound = as che 
or two of combustible was employed. He refers to the practical =» 
plan of mining engineers in Cornwall, of determining the measure ; 
of heating power from the bulk of coal required to pump a given 
quantity of water, which he says, “ complicates the question of the 
heating power of coals with that of the mechanical structure of —_ 
engines....the production of steam with its mode of application; = =—»-—> 
questions wholly distinct from each other, and requiring inde 
pendent solutions.” He refers to the method of Berthier, of = 
Paris, in which the heating value of the coal isdetermined by the  _| 
weight of metallic lead, reduced from oxide of lead or lithe _ 
arge, by consuming coal in connection therewith. He refers 
to the efforts of the German and other European chemists, 


4 


to obtain a knowledge of the heating power of fuel, by as- * | 
certaining the precise chemical composition of the combus-— ca ie: 


tible portion, and thence inferring the weight of oxygen 
which must enter into chemical combination with it during com- . = 
bustion. In making an analysis they experimentally supplied ae 
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the oxygen with compounds which yielded it readily, and col- 
lected and weighed the gaseous products of combustion, thus 
inferring the weight of oxygen absorbed. He states that this is 
“no other than the method of analysis so successfully applied of 
late years to discover the composition of organic substances 
among which coal is undoubtedly to be ranked. The quantity 
employed in analyses of this kind seldom or ever exceeds ten 
grains.” He states: None of the above-described methods ap- 
pear to fulfil the conditions required in'a practical determination 
of the evaporative power of the several kinds of coal, and adds, 
‘*‘ Preference was therefore given to what had to a limited extent 
been employed ” by parties he mentions in Scotland and England 
and “by Dr. Dana, Mr. Hayes, and Mr. Francis, in this country.” 
“ This method consists in burning the coals under a steam boiler 
so arranged and furnished with apparatus as to be capable of 
complete regulation. The water delivered to the boiler and the 
coal supplied to the farnace are determined both by weight and 
measure. The supply of air, the rate of combustion, the pressure 
and temperature of steam, the proportion and character of the 
products of combustion, both fixed and volatile, whether left on 
the grate or passing through the flues, are subject to careful ob- 
servation and experiment.” The results are reported in terms of 
the weight of water evaporated from and at 212 degrees per 
pound of combustible.* Bear in mind that this is not a modern 
report, but was published fifty-two years ago. 

§ 20. The experiments were conducted in this way with forty- 
one samples of coal. Nine were anthracites from Pennsylvania, 
which, as seen in Table IV., presented herewith, then bore names 
still familiar, one being from the Lykens Valley Coal Company, 
Dauphin County, which, ‘‘ though possessing the principal features 
of anthracites, also contains more than the usual amount of volatile 
matter, gives a considerable quantity of.Juminous flame, burns 
with more freedom than the generality of anthracites, and hence 
constitutes a proper link of transition to the next class, or that of 
the free-burning or semi-bituminous coals,” of which twelve 
samples were tried, six from Maryland and six from Pennsylvania. 
In addition to the above there were eleven samples of Virginia 


* Johnson actually used 1,030 heat units as the latent heat of steam at at- 
mospheric pressure, instead of 966, now acknowledged as the unit of evapora- 
tion, so all of his results must be increased 6} per cent. to compare with 
modern practice. 
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coal, one from Sidney, Nova Scotia, one of Scotch, one of Liver- 
‘pool, and two of Pictou coals; also one from Cannelton, Indiana, 
and another sample of a similar coal not definitely located. Tests 
were also made of natural coke from Virginia, of mixtures of 
anthracite and bituminous coals, of two kinds of artificial coke, 
and of pure wood. Incidentally, the value of the softer coals for 
smithery purposes was ascertained in the shops of the Navy Yard. : 
The adaptability of all the coals for use on a house grate was 
also tested. 

§ 21. The evaporative experiments were made ina small flue _ 
boiler, specially constructed for the purpose, which was 34 feet in 
diameter and 30 feet long, arranged with direct and return pas- 
sages for the products of combustion outside the shell in connec- — : 
tion with the flues. The grate was 3 feet 3 inches by 5 feet. It © 
was reduced in length 8 inches when air bridge was used, and _ 
still more when a coking plate was employed. The grates were 9 


inches from the centre of boiler in front and 10 inches at the rear. — = 
The air for the furnace passed on the way tothe ash-pit, through oF 
passages 6 feet deep and 9 inches wide in the side walls, by which a3 : 
means heat ordinarily lost by radiation was utilized in heating 
the air for combustion. The steam pressure was about 7 pounds. 

The feed-water was introduced from an elevated tank through an > che 
intermediate chamber or water lock. One to six experiments, s a 


each of twenty-four hours and upward, were made with each 
variety of coal, according to the quantity furnished, the evapora- _ x 
tive efficiency being, however, referred only to five to eight hours 
of each run, when the log showed that the average conditions Lene 
were maintained in respect to rate of firing, admission of water, . ne a 
ete. ; all questions as to losses in stopping and starting being thus Fe if PS: 
eliminated. A proximate analysis was made of all the different 
kinds of coal, and all were tested by the method of M. Berthier, to Pe 3 ; 
ascertain the quantity of metallic lead reduced from a mass of —_—- 
litharge by a definite quantity of coal roasted in connection there- a i 
with. These results are directly compared with those made 
similarly by M. Baudin on French coals. The general conclu- 
sion from these experiments was that the reduction was:practi- 
cally all accomplished by the carbon element. The comparative 

results of the evaporation and litharge tests agree very closely for — 
the anthracite coals, but vary somewhat for the bituminous coals, — 
having different ratios of fixed and volatile combustible (b. 585). 
Professor Johnson and his assistant, Dr. King, also made complete _ 
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organic analyses of a number of the coals tested. A remarkable 
feature of these analyses was that for a number of coals the actual 
results obtained by evaporation, when the chimney losses were 
included, corresponded almost precisely with the calorific value 
of the carbon element as determined by organic analysis (b. 586), 
thus so far confirming the old impression. He refers also to the 
total calorific values assigned to Pennsylvania anthracite and Eng- 
lish Newcastle coal by foreign writers, and shows that by his 
experiments Lehigh coal tested gave superior results to New- 
castle, although showing very considerably less total calorific 
value (b. 586). 

§ 22. Professor Johnson’s report is a compendium of useful 
information on the general subject. His work was carried out on 
a fair scale, was quickly and economically completed, and reported 
in detail with great clearness. It is well worth the study of any 
one proposing any extensive series of investigations, even those 
not confined to this particular line. An abstract of these experi- 
ments was made by Mr. William Kent, member of the committee, 
and published in 1891 (7. 430, e¢ seg.), which will be found of 
interest to those who have not access to the original work. Mr. 
Kent criticised the apparatus in several particulars, such as the 
use of a flue boiler and the small distance between the grate bars 
and boiler. As he says, however, the flue boiler was undoubtedly 
good practice at the time and it may be observed that though 
the grate was close to the centre of the boiler there was neces- 
sarily much more room in the spandrel spaces each side. More- 
over, the large chambers incident to a flue boiler may have been 
an advantage rather than otherwise in burning some of the bitu- 
minous coals. It appears possible, however, as Mr. Kent says, that 
in testing Lehigh coal the fire was not thick enough to prevent 
excessive air dilution. Mr. Kent considered also that the condi- 
tions were not calculated to obtain the best results from some of 
the other coals tested, referring particularly to Western coals, and 
cites instances in more modern practice where much higher 
results have been obtained. In a later discussion of the subject 
(k 104), in comparing the results with the tests of similar coals 
made in France, he acknowledges that the efficiency was on the 
average as low as shown in the Johnson tests. This shows that 
both series of tests were made under the conditions of average or 
ordinary practice, which, on the whole, is better, as evidently no 
general laws can be ascertained by comparing the average prac- 
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tice in one case with those obtained under special conditions in ia, 
-another. 


§ 23. In connection with the review of Professor Johnson’ : 7 


experiments by Mr. Kent, a similar review is made in the same 
paper (j 504) of a carefully conducted and extensive series of 
tests of European coals made by Scheurer-Kestner and Ch, | 
Meunier as presented in an excellent study of these tests with a 
others by M. L. Gruner. Tables of comparison of results from a 
Gruner’s paper and Johnson’s report are presented, and are | 
plotted on a diagram in connection with the theoretical heating 
value of the coals by Dulong’s law and the apparent heating a: - 
ascertained by Messrs. Scheurer-Kestner with a Favre & Silber-— 
man calorimeter, which tables and diagram will be referred to 
later in connection with another paper by Mr. Kent. The review _ 
of the paper of M. Gruner points out some important cae, 
cies in the so-called “industrial ” results or practical evaporative 
efficiencies of different coals and the calorific values of the same — 
-determined from chemical analysis, and states that from a study — 
of the various results M. Gruner concludes that “the real value 
of the coal may better be determined by a proximate than an 
elementary analysis,” which we will show later only applies to __ 
the particular coals tested. It also states that the “ heating power 
increases and decreases with the proportion of fixed carbon,”adding 
‘that “ this is true at least for bituminous coals, but not always for 
‘anthracites and lignites.” As an example, two coals are selected — 
from the tables practically identical in composition, in which the m ” 
one lowest in volatile matter gives the highest evaporation. : a4 3 
‘Then another illustration is taken in which the contrary is the 
‘case. It is stated that the latter result is probably due to the 
fact that the volatile elements are not always combined in the — 
‘same manner. It is then argued by Mr. Kent that some of these 
‘explanations are not in accordance with the view that elements in | 
-a less condensed state have a higher calorific value. “A a 
§ 24. One reference is made in Mr. Kent’s review of M.Gru- © 
‘ner’s paper (j 506) which explains the discrepancies between the — 
results obtained by calculating the calorific value of a coal and 
‘those shown by a calorimeter, it being stated in effect that Favre 
-& Silberman had discovered that isometric and ternary hydro- 
‘carbons had less calorific value than was due to the components, 
and it is further stated, though not clear by whom, that “ all heat 
‘set free in the act of condensation is lost beyond recovery by the 
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act of combustion ;” also that “coals are ternally compounds, 
condensed to various degrees, and this is why a simple elemen- 
tary analysis which determines nothing as to the mode of com- 
bination, can teach us nothing as to the calorific power, and 
therefore does not indicate the industrial value.” The views of 
a number of parties in explanation of the various anomalies are 
referred to, which as a whole rather confuse the matter, as some 
of the arguments pro and con relate to different branches of the 
subject. For instance, it appears that Professor Stein, of Dresden, 
had asserted that ‘“‘an elementary analysis teaches us nothing 
about the actual properties of coal;” which is answered by re- 
ferring to “the conscientious work of Regnault,’ who concluded 
from his analyses that “the elementary composition of coals of 
the carboniferous formation and of the same quality varies only 
within very narrow limits” (7506). Evidently there is no dispute 
about the substantial uniformity in chemical composition of coals 
of the same quality. The lack of uniformity is in the heating 
power shown by different coals of practically the same composi- 
tion. Mr. Kent closes this paper (/) with a suggestion that further 
tests are necessary, particularly of the Western coals, and suggests 
that great improvements can be made in the manner of their com- 
bustion so as to obtain higher practical results. 

§ 25. The subject was still further discussed by Mr. Kent in a 
paper on “Tests of the Heating Power of Coals,” published in 
Rothwell’s Mineral Industry (k 97). The paper opens with a 
description of the calorimeter of Monsieur P. Mahler, and gives 
in tabular form the results of investigations made by him with 
the same under the auspices of the Société d’ Encouragement 
pour VIndustrie Nationale. The tables of comparative results of 
Scheurer-Kestner, Johnson, and others from the former paper are 
also given, together with the diagram accompanying the same, 
with the results of Mahler also plotted thereon. This diagram is 
herewith reproduced as Fig. 55, together with two of the tables 
presented by Mr. Kent, which are renumbered here III. and IV. 
The diagram, Fig. 55, shows a comparison of the calorimetric and 
theoretical heating powers of the coals tested by Scheurer-Kestner 
and Mahler, and the industrial or steaming powers of those tested 
by Scheurer-Kestner and Johnson, the positions of the averages 
of Gruner’s five classes being also laid down. The results are 
plotted on a base representing the percentages of fixed carbon to 
the total of fixed and volatile combustible, and the ordinates rep- 
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resent the heating powers in calories.* The upper line of the 


tested by Scheurer-Kestner. The five numbered stars in the line 
show the position of the averages of Gruner’s classes. The third 
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line from the top of diagram shows the theoretical heating value, 

according to Dulong’s law, of the coals tested by Scheurer-Kest- 
ner. The intermediate curve shows the average of Mahler’s 
calorimeter tests plotted in relation to the percentage of fixed 
carbon. 


CALORIES, HEATING POWER PER POUND OF 3 ORY FUEL FREE FROM ASH 


*The formula of Dulong is given in foot-note § 4 in terms of B. T. U. The 
¢alorie referred to equals of 1 B. T. U. 
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arnt HEATING PowWER OF COALS. 


According to Scheurer-Kestner and others, as collated by Gruner. Arranged im 
order of per cent. of fixed carbon in dry fuel free from ash, (Kent.) 


ELEMENTARY Com- 
POSITION. HEatTiIne Power. 


er ESCRIPTION OF FUEL. 


By Du- 
Actual.t| long’s | Industrial. 
Law. 


In 
| Boilers. | 


Per cent. Fixed Carbon 
per 100 Fuel 


Anthracite coal from the Creusot.. 
Gruner’s Class 5. Dry or semi- 
bituminous anthracite coals 


9456 


Gruner’s Class 4. Short-flaming, 
caking or coking 

Caking coal. Auzin 

Caking coal. Rouchamp 

Gruner’s Class 3. True caking 
coals, or Smith’s coals 

Caking coal. Denain 

Long-flaming coal. Sultzbach.... 

Gruner’s Class 2._Long-flaming, 
caking or gas coals 

Long-flaming, caking coal. Dutt- 


dry coal. Montceau 

Very long-flaming coal. Von der 
Heydt 

Long-flaming, dry coal. 


Gruner’s Class 1. 
dry coals 
bituminous lignite. Bohe- 
mia 
Dry lignite. 
Bituminous wood 
Fossil wood, passing into lignite .. 
Fat lignite, Manosque 
Dey lignite, Manosque 
Cellulose. 


* The nitrogen —_— exceeds one per cent. 
+ These are the results with calorimeter used by Scheurer-Kestner. 


§ 26. A table not herein presented shows the results of tests 
with the Mahler calorimeter of thirty-one samples of coal of 
different kinds, together with seven samples of lignite turf and 
wood stated in connection with the theoretical heating power 
derived from Dulong’s formula previously stated, and a modified 
form of the same by Mahler, giving substantially the same 
results. The table showing Mahler’s results is not here repro- 
duced, as he made no tests with steam boilers, but confined his 


| 
ae) 
H. 0+) 
| 92.36, 3.66 | 3.98 | Mmmm | 8552 
2-90} 90-93} 4.5-4 | 5-5.3 63.9» 
ry-burning coal. Paul du 
Creuset 64.2 | 90.79] 4.94 | 4.97 | 9263 | 9688 
Short-flaming or flat coal. Chaptal 
: du Creusot.. ...................| 80.4 | 88.48] 4.41 7.11 9622 | 8363 
1-82) 88-91) 5.5-4.5) .|5888-6400/65.0° 
7.2 | 84.47; 4.21 | 11.32 
— 3.0 | 88.32] 4.79 | 6.89 
3-74| 84-89] 5-4.5 | 11-5.5 
0.8 | 83.94] 4.43 | 11.68 
4.4 | 83.55) 6.17 | 11.48 | 8603 | 8024 
- 0-68) 80-85) 5.8-5 | 
3.5 | 83.82] 4.60 | 7008 |.........).... 
0.6 | 78.58} 5.28 | 16.19 6895 | 7455 
ing semi-coking coal. 
Friedrichstall ...................| 58.5 | 78.97] 4.67 | 16.36 | 
50-60] 72-80) 5.5-4.5) ....|4288-4800|55.1 
8.27 | 15.15 | 7924 | |.........].... 
4.04 | 22.98 6480 | 6300 |. ......].... 
— 4.55 | 27.85 
— 4.72 | 28.77 6858 | 5760 |.........|.... 
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attention to a comparison of calorific values determined by 
calorimeter, and calculated from ultimate analysis—which me 


methods agreed very closely. The results of proximate analyses” 
are also given in the table. = | as 


‘ TABLE IV. 


- Jounson’s RESULTS CORRECTED AND COMPARED BY PER CENT. OF FIXED 
CARBON TO ToTAL COMBUSTIBLE. (KENT.) 


Volatile 
al Matter ; | Evapora- 
tion per . |PerCent.| ation,t 
ss Name oF Coat. Pound .| Total | Equiva- 
= - C. and lent, 
Volatile | Calories. : 
Matter. 


Order of Ex- 
cellence 


Number of 
Coal. 


Anthracites, Pennsylvania: 
Beaver Meadow Slope, No. . 


Forest Improvement 
Peach Mountain 
Lehigh 

Lackawanna 


tom 
2020 


7-3 
as 


Semi- Bituminous : 

New York & Maryland Mining Co., Md. 
Neff’s, Cumberland, Md 
Easby* s, Md. 
Atkinson & Templeman, Md 
Easby & Smith’s, 
Dauphin and Susquehanna, Pa 
Blossburg, Pa 
Lycoming Creek, 

uin’s Run, Pa.. 

arthaus, Pa 
Cambria Co., Pa 


— 


B82 


8 
3 
7 
1 
5 
4 
6 
2 


1 


Sr 


— 

AMAA AAA 


Bituminous, United States: 
Barr’s Deep Run, V: 
Crouch & Snead, Va 
Midlothian (screened), Va 
Chesterfield Mining Co., Va 
Tippecanoe, Va 
Creek Co., Va 
Clover Hill, Va 
Pittsburgh, Pa 
Cannelton, Ind 


Oi OF OF Ot 

~ 


Bituminous, Foreign: 
Picton, N.S 


* Evaporation from and at 212 degrees F. per pound 5 pombe. 
+ Johnson’s figures corrected by Daltiplying by 1. 


§ 27. The paper states, referring to diagram Fig. 55, that 
“Johnson’s tests group themselves in three distinct classes. 
They are numbered from one to thirty-two in the order of their 
steaming values.” (See also Table IV.) The extreme irregu- 
larity of these tests is clearly shown by the position of the num- 
bers. The five short, inclined lines included among Johnson’s 
groups represent the range of the industrial value of Gruner’s 
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five. classes. (See also Table III.) “They show as close an 
agreement as can be expected with the results of Johnson, and 
indicate that the efficiency of coals in actual trial, upon which 
Gruner’s figures are based, was about as low on an average as the 
efficiency shown in Johnson’s tests. This efficiency, as shown in 
the last column of Table III., ranges from 65 per cent. down to 
55 per cent. of the total heating value.” 

§ 28. It will be seen that calorific values by Mahler’s calorime- 
ter, compared with the percentage of fixed carbon, plot compara- 
tively near the average curve given. Mr. Kent therefore con- 
cludes: “ Knowing, therefore, the percentage of fixed carbon in 
the dry coal free from ash, we may, in the case of all coals con- 
taining over 58 per cent. of fixed carbon, predict the heating 
value within a limit of error of about 3 per cent.;” and prepares 
a table, herein presented as Table V., taken from the curve on 
diagram, Fig. 55, marked “Average of Mahler’s Calorimeter 
Tests.” The plotted results from the curve are very interesting, 
and for the first time, perhaps, give a fair general idea of one of 
the relations to be considered. It will be shown later, however, 
that this particular curve is only true for the particular experi- 


ments. 


§29. Mr. Kent states that below 50 per cent. of fixed carbon 
the law apparently does not hold, and continues: 


‘‘The comparison of the industrial or steaming power by Johnson’s and 
Gruner’s tests with the heating value as determined by a calorimeter, strongly 
emphasizes the fact that in tne burning of highly bituminous coals under ordi- 
nary steam boilers, a greater percentage of heat is lost than in the burning of 
anthracite and semi-bituminous coals. There is but little difference in the 
calorimetric heating power of coals containing respectively 70 and 85 per cent. of 
fixed carbon ; but in industrial practice the latter gives from 15 to 20 per cent. 
higher results, This is simply due to the great difficulty in ordinary boiler fur- 
ndces of burning the excess of volatile combustible matter which passes out of 
the chimney in smoke and unburned gases.” 


§ 30. Mr. Kent continues : 


‘*It is greatly to be desired that tests similar to those made by Scheurer-Kest- 
ner, Mahler, and others, on European coals, should be made on the coals of the 
United States. The calorimetric apparatus used by Mahler is all that can be 
desired for determining total heating value. If our western coals which are now 
being wasted in steam-boiler furnaces to the extent of many million dollars per 
year could be tested calorimetrically by this apparatus, and the results compared 
with those of actual boiler tests, we should then realize the enormous extent of 
the waste that is taking place, and inventors would be encouraged to devise im- 
proved boiler furnaces by the use of which a large percentage of the coal now 
wasted might be saved.” 3 
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APPROXIMATE HEATING VALUE OF COALS. (KENT). 


Percentage of Heatine VAuue. Percentage of Heatine VALUE. 
Fixed Carbon Fixed Carbon 
Sa British Thermall| and tree British Thermal 
and free from ritis and free from ritis erma 
Ash. Calories. Units. Ash. Calories. 


8,400 15,120 
8,400 15,120 60 8,100 
8,600 15,480 57 7,800 14,040 
an 7 8,700 15,660 54 7,400 18,320 na 
gg 8,800 15,840 Bl 7,000 12,600 
8,7 15,660 50 6,800 12,240 
68 8,600 15,480 


| 


§ 31. .The papers of Mr. Kent furnish a creditable and “a 
interesting compendium of the work done in the calorimetric, 
analytic, and practical evaporative tests during the 
referred to, and the opinions of a number of scientific men on the 
subject. The results he has collated can, however, only be used, 
in connection with those from other available experiments, as evi- _ 
dence to aid us in the investigation of the particular problem 
which has brought about this discussion ; viz., whether or not the - 
practical evaporation of steam boilers should be compared on the © 
basis of evaporation per pound of combustible, or with the ‘cal 8 


j 


orific value of the fuel as determined by the calorimeter or ulti- _ cg ‘a 
mate analysis. >, 
_ § 32. If a new comparison is available it should enable us aan Rr 


- compare the results of a test of a particular boiler, using a par- 
ticular coal having certain characteristics, with those from another 
_ boiler using a different coal—either directly or by comparing the 
results of each with some standard. Let us try and find such a 


centage of the total calorific value of the fuel utilized in a particu- 
lar case, we find that this percentage varies with different coals, 


Table ITI., repeated in column 11 of Table VIII. 
$83. The relations between the fixed and volatile combustible 
of the coal have long been supposed to have something to do with 
_ the matter, so these aeneiene were ascertained for the experiments 


| 

=. 

q 4 

~ 
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stand mpare airectly Dy 

as shown in the last line of Table I. ed, « eS 
5 
ments of Gruner in 1842 to which he refers (6 307). Naturally a) Bx 
therefore the earlier experiments have been plotted by Mr. Kent 
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(see Fig. 55) with the percentage of fixed combustible compared to 
the sum of the fixed and volatile combustible as a base, and the 
total and practical calorific values as ordinates. So far as effi- 
ciency is concerned, the base assumed simply separates the 
results of different experiments so that they may be studied. 
The same result would have been secured if any variable in the 
composition of the coal had been taken as a base. The shape of 
the approximate curves would have been varied, but without 
changing the efficiencies, for they are shown for a particular case 
by the position of the total and practical calorific values on a 
vertical ordinate. The average curves traced through such points 
are not parallel or of the same form. Therefore the relations 
between the two, or the efficiencies, are not constant, as already 
shown by the figures above given. 
§ 34. Mr. Kent shows that for the Mahler experiments the 
calorimetric values bear a fairly definite relation to the fixed 
carbon as represented by the Mahler curve on the diagram and 
in Table V. derived therefrom ; but this does not help us as to the 
relation which the practical evaporation bears to the calorific 
value or to the elementary composition of the coal, as Mahler 
made no boiler experiments. Moreover, it appears that the 
Mahler curve applies only to the particular coals tested by him, 
as explained in this and the two succeeding sections. It is 
true that the Mahler calorimeter gave results as closely resembling 
those calculated from chemical composition as could be expected, 
particularly when it is known, as before explained (§ 24), that the 
carbon and hydrogen which are chemically combined in hydro- 
carbons have together less calorific value than the elements sepa- 
rately. Within moderate limits, however, the results by calori- 
meter appear to correspond with the heating power calculated 
from chemical analysis; and the Mahler curve, Fig. 55, therefore 
represents approximately the mean results of both methods. By 
similar reasoning the calorimetric results obtained by Scheyrer- 
-Kestner were evidently too high. The results should have 
plotted with those calculated from the elementary composition, 
and the upper broken line in Fig. 55 would have taken practically 
the position of the broken line third from the top, when a smooth 
curve averaging the results would have shown both the average 
heating power by calorimeter and that calculated from the analy- 
sis, within reasonable limits, the same as the Mahler curve. 
$85. The difference in the positions of the Mahler curve and the 
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third one from the top, which represent respectively the calorific 
values of the coals tested by Mahler and by Scheurer-Kestner, cid 
indicates a very considerable difference in the qualities of the | e 
coals tested, so the comparison shown by Mr. Kent in Table V. 7 
is not applicable to the coals tested by Scheurer-Kestner. Many a 
of the coals tested in both cases contain sufficient oxygen to 
carry off during combustion a large proportion of the hydrogen | 
combined with oxygen to form steam. It therefore follows that 
the calorific value of these coals is very nearly represented by ie ; 
the carbon alone, and this will be shown more clearly by com- 
parison hereafter. There are a number of coals in the United — sto 
States which have, as shown in Table I.,a fair proportion of _ 
hydrogen and very little oxygen; which, therefore, have a high Fi ne 
calorific value, and should plot in a curve above the Mahler — seh 
curve in Fig. 55. Moreover, some of the bituminous coals of 
the United States and England contain a considerable propor- — 4 S: 
tion of oxygen—the Caseyville coal (Z, Table I.) having 17 per ee 
cent., Clover Hill 11.6 per cent., and Newcastle and Scotch coal 
10 to 11 per cent., with 59 per cent. to 64 per cent. of fixed com- a i 
bustible, so coals of this class would probably plot as low as, or in’ ig 
some cases lower than, the Mahler curve; and as both kinds of 
coal are found in the United States, it would probably be neces- — bars 
sary to construct a different curve for each of the several differ- - | 
ent varieties of coal, as all kinds would depart so widely from — +a 
any average. Until, therefore, a thorough investigation is made __ 
of all kinds of American coals by calorimetric tests, chemical — a ; 
analysis, and practical evaporation, we cannot infer the calorific — “Pa “a 
value of such coals from the percentages of fixed combustible, es 
derived from a simple proximate analysis, with any esate 

- accuracy; and the evaporative efficiency involves so many more — 

elements of doubt that it would in general be impossible to ES 

approximate it by any such method. 

$86. The above considerations are emphasized by recent experi- 
ments of Professor Carpenter (nm), with an improved form 

calorimeter, the results of which, rearranged by him to apply to 

dry coal, and by the writer ancarding to the percentages of fixed 

combustible, to compare with Mr. Kent’s tables, are herewith pre- 

sented in Table VI. It will be seen by comparing columns ¢ and 

h that there is no direct relation between the percentage named 

and the calorific value, nor is there a general trend toward a curve 

like that given in Mr. Kent’s paper. The anthracites, compared 
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by thermal units per pound of coal (column é), show on the average 
lower calorific values than the bituminous coals, but the latter 
show no regular decrease in calorific value as the percentage of _ 
fixed combustible is increased. While there are wide differences _ 
in result, all taken together show roughly an equality in the calo- 
rific value of the different kinds of American coals, independent _ 
of the percentage of fixed combustible. The widest variation in — 
the calorific values of the combustible of the various anthracites __ 
is only about three per cent. from the mean, and for the bitumi- 
nous coals the results shown in the last two lines, for which the - 
fixed combustible is below fifty-nine per cent., are the only ones 
which fall off greatly compared with the others. as 

§ 37. Referring to column g of the table, Professor Carpenter 
writes: “The heat units per pound of fixed combustible average __ 
somewhat higher than the theoretical value of the carbon, which a 
I think indicates that in the oxygen calorimeter the volatile matter 
has some combustible value.” It should be observed that the a 
above conclusion does not modify that already stated (§ 4), to 
the effect that the evaporation of many coals is proportioned to 
the total contained carbon by ultimate analysis, as the weight of 
such carbon is necessarily greater than the so-called fixed carbon _ 
shown by proximate analysis, as will be seen by examining a . 
first columns of the several analyses given in Table L. The vola- 
tile matter, being composed of hydrocarbons, carries off with it a 
portion of the carbon, and with many coals the effective result is 
represented by the weight of carbon, whether combined with 
hydrogen or not. 

§ 38. It is suggested that the results of proximate analyses be — 
stated in terms ‘of “fixed combustible” and “ volatile dren 
ble,’ which were used by Johnson many years ago. It is not at — 7 
all certain that the residue after roasting the coal i is all carbon, ; es [ 
even though the ashes be weighed back after such residue is con- © a. ; iY 
sumed, but with such correction the residue is undoubtedly fixed 
combustible, and the term would therefore seem to be more 
accurate. 

§ 39. In this general connection attention is called to the paper 
of Mr. George M. Barrus, member of the Society, on “The Coal 
Calorimeter, Transactions, Vol. XIV., page 816. The results of 
his experiments are not directly applicable for the purposes of this 
investigation, from the fact that neither ultimate nor proximate __ 
analyses are given of the particular coals tested. One interesting _ F 
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| 
_ feature of his experiments is, however, the fact that for seventeen 


samples of Cumberland coals the calorific values of the combusti- 


ble varied from 13,819 thermal units to 15,313 thermal units, and 

six specimens of George’s Creek coal varied from 13,819 to 15,140 
__ thermal units. These differences appear to be much greater than 
tow = which result from actual tests of steam boilers with this 
_kind of fuel, and show the difficulties of obtaining exact results 

- from small samples. No method of sampling is efficacious in 
ascertaining the exact proportion of lump and slack coal which 
_ contain very different proportions of ash and, in some cases, of 
rt volatile combustible ; and if to the errors of sampling we add the 
possible ones due to the determination of exact quantities on the 
small scale employed in an oxygen calorimeter, or even a chemica] 

_ analysis, the reasons accumulate why the real test of a steam 
boiler must in the end depend upon the otececn results pro- 


Pe the general conclusion of investigators for many years; and there 
- i is extreme danger of inaccuracy by reporting the results of such 
trials in terms of efficiency, one important factor of which involves 
the errors of sampling and of measurement of small quantities 


ae a above referred to, as well as those due to peculiarities of the calo- 


_ rimeters or methods of analysis employed. 
, -. §40. Professor Unwin in the third James Forrest lecture before 
the (British) Institution of Civil Engineers ( P) gives an interest- 
7 a ing example, showing the substantial identity in the performance 
_ of. two well-known kinds of coal and the difficulty in obtaining 
reliable results on such a subject. He states that in 1857 experi- 
; ments were made with Newcastle and Welsh coals, under the 
auspices of ‘the colliery owners, during which was obtained an 
- evaporation of 12.91 from Newcastle coal and 12.35 from Welsh 
tae coal. The Admiralty repeated the experiments with the same 
boiler, and found the Welsh coal rather the better of the two, 
instead of somewhat inferior. Later a third series of trials was 
made at Cardiff, and the Welsh coal found much the better. In 
1881-82 Mr. D. K. Clark obtained an evaporation of 124 to 13} 
+7 - pounds from both coals, and concludes that these coals when 
treated “are equal in evaporative power and equally 

smokeless.” 

§41. With the view of ascertaining if any definite relation 
exists between the calorific value, evaporative efficiency, per- 
centage of carbon, and percentage of fixed combustible, Tables 


Se 
. 
fare 
| 
+2 
2 
4 
> 
=: 


TESTS OF STEAM BOILERS WITH DIFFERENT KINDS OF COAL. 265 


TABLE. VII. 


COMPARISON OF VARIOUS AMERICAN AND FOREIGN SEMI-BITUMINOUS AND 
BITUMINOUS COALS AS ANALYZED AND TESTED BY JOHNSON. 


1 2 3 4 5 6 7 8 | 9 10 11 

CaLoriFic | EFFICIENCY 
© CARBON BY | FixEp Com- VaLur |_PRACTICAL |OR CALORIFIC 
ULTIMATE BUSTIBLE. From |EZVAPORATION |VALUE UTIL- 
ANALYSIS. Anatysis. |DURING TEsT. — 
g 

& | Kind of Coal. a 

F |Cambria Co., Pa.| 91.955/100.00) 10.92|/100.00 62.77 

G |Midlothian, Va..| 93.620/101.81/ 62.74) 81.01/17,087|101.67| 10.483) 95.51 58.97 

H_ |Newcastle, Eng..| 84.157) 91.52) 61.55) 90.59)14,902) 88.68 9.79) 89.65 63.46 

J |Clover Gill, Va..| 83.393) 90.69) 64.19) 82.88)14,265| 84.88 9.16) 83.88 62.03 

K |Scotch Cannel...| 82.952) 85.61! 62.94) 81.26)/14,620) 86.99 8.23) 75.36 54.38 

L |Cannelton, Ind..| 76.335) 83.01) 59.18) 76.40/13,885| 82.62) 8.25) 75.55 57.40 

M |Osage River, Mo.| 81.855] 89.02) 55.02) 
N /|Pure Bitumen...| 77.679) 84.47) 25.50) 


VII. and VIII. have been prepared with these several quantities 
written in parallel columns. Johnson did not commence making 
organic analyses until the experiments were partly completed ; and 
so only gives them in connection with evaporative tests for the 
different varieties of bituminous and semi-bituminous coals as 
shown in the first six lines of Table VII.* In the table the several 
quantities—carbon by ultimate analysis, fixed combustible, calorific 
value calculated from analysis, and practical evaporation during 
the boiler tests—are first given in customary units; and for each a 
second column under the same general heading shows the relative 
values, the quantities on the first line being made 100. This 
enables this progtession in the several cases to be compared 
more readily by the eye than the quantities themselves. Com- 
paring columns 8 and 10, it will be seen for the first four coals 
tested that the practical evaporation is roughly proportioned to 
the calorific value, the efficiencies, column 11, only varying 


* Johnson appreciated the desirability of analyzing all the coals tested ; but 
there was a great demand for his report ; and appropriations running short, he 
‘could go no further. 
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AVERAGE ReEpDvc- 
TIVE PowERs or 
CoMPARISON oF Vakious ForEIGN COALS AS CLASSIFIED BY GRUNER. = 
(See Table III.) AS TESTED WITH 
LITHARGE BY 
JOHNSON. 


ustible. 
bustible. 


Description of Coal. 


Evaporation. 
Evaporation. 


by Calorimeter. 
reduced from Lith- 


Average Carbon by 
Ultimate Analysis 
AverageCalorificValue 
Average Practical 
Average Efficiency or 

Calorific Value util- 
ized during Test. 
Average Metallic Lead 
arge. 
Average Fixed Com- 
Average Practical 


No. of Line. 


| Average Fixed 
: 


aa 
<2 


Gruner’s Class 5. 
Dry or semi-bitu- 
minous anthracitic 


sylvania anthra- 
cites and natural 


Gruner’s Class 4. 
Short cak- 
ing or coking .. 
11 Mary- 
land and bitumi- 
nous free burning 


Gruner’s Class 8. 
True eaking coals 
Gruner’s Class 2. 
Long flamin 08d 
ing or gas coals . 


: | Johnson. 10 Virginia 
bituminous coals, | 86.71! 70.13 
Johnson. 8 Foreign | 
and Western high- 
ly bituminous 


85.31) 68.98} 82.67 

Gruner’s Class 1. 
Long flaming dry 


between 59 and 63.5 per cent. Comparing columns 10 and 4, it is 
seen that the practical evaporation for the first six lines referring 
to coals tested for evaporation, is not fairly proportioned to the 
carbon by ultimate analysis ; but Johnson, referring to the same 
coals (b 586), shows that if the heat expended on the products of 
combustion be added to that utilized by the evaporation, the 
modified results — almost identically with the calorific 
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value of the carbon element.* For the experiments with the last — 
four coals completely tested (H, J, K, L), the practical evapora- 
tion is also roughly proportioned to the fixed combustible ; in fact, _ 
with the exception of results from the Midlothian coal, the pro- | 
gression is kept up through the whole list. Evidently no exact 
relations exist in either case, except between the percentage of _ 
carbon and the results of the boiler tests when the heat expended © 
on the products of combustion is added, as above referred to (§ 21). _ 
§ 42. It can hardly be expected that the results of tests of indi- 
vidual coals will show close agreement. When a large number 
of coals of similar kinds are averaged together approximate laws — 
can be more readily traced. All the coals in Table VII. would be 
averaged in two classes. The first part of Table VIII. shows the — 
comparison of various foreign coals as classified by Gruner. The © 
proportional quantities only are given, as the others are available — 
in Table III. In this table the calorific value by calorimeter, _ 
column 8, and the average carbon by ultimate analysis,column4, __ 
show very nearly the same progression ; which is explained by the 
fact previously referred to (§ 35), that the coals tested by Scheurer- 
Kestner and classified by Gruner contained in general sufficient 
oxygen to carry off during combustion a large proportion of the _ 
hydrogen combined with oxygen to form steam,so thatthe carbon 
had the governing influence on the calorific value. Most of the — 
American coals contain less oxygen, but as those given in Table = 
VII. correspond to Gruner’s last two classes only,a comparison of 
the results is difficult. The average practical evaporation of the —__ 
coals classified by Gruner is for the whole series less propor- _ 
tionally than shown by the proportion of carbon, but greater pro- 
portionally than the progression shown by the average fixed | 
combustible. 
§ 43. There is also given in Table VIII. the average effective _ 
power of American and foreign coals as tested with litharge by — 
Johnson (b 585), the proportional results only being given. John- — S 
son concludes that the carbon is principally effective in making 
the reductions in this way (4 584), and as the practical evaporation a a 
is also roughly proportioned to the carbon we find a very fair ee 
identity in the progressions shown in columns 4a and 10a. This - 
part of Table VIII. also shows comparative results throughout : 
the whole range of Johnson’s experiments—which is not the 
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*The results as given in his work require to be corrected for the unit of eS 
evaporation and the calorific value of carbon as now accepted. 
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_ ease in Table VII.; and we see that the results by evaporation 
(column 10a) are proportionally higher than the relation shown 
by average fixed combustible (column 6a). The slight advantage 
shown by the American semi-bituminous coals in practice is 
shown in column 10a, line 4, and the same advantage appears in 
Gruner’s class 4, line 3. The approximate identity shown 
between the results obtained by assaying coal with litharge, 
column 4a, as compared with practical evaporation, column 10a, 
suggests that it would be interesting and, perhaps, desirable to use 
the method of M. Berthier for testing coal used on boiler trials. 
The litharge tests are very readily made with simple apparatus.* 

§ 44. The general conclusion to be derived from the study of 
the numerous experiments, with coals varying considerably in 
the percentage of volatile matter, seems to be that, while the 
average results of evaporative tests with a number of coals from 
@ given region may indicate an approximate general law, the indi- 
vidual experiments vary so much among themselves, or even 


* The carbon in the coal should reduce 34 times its own weight of metallic 
lead from pure litharge (6 106). It is necessary to obtain the litharge pure, asa 
slight admixture of red oxide is quite common, and, as it contains more oxygen, 
it increases the relative results. Johnson (6 181) states the precautions which he 
observed in conducting experiments of this kind. 

‘‘The coals in their raw state were reduced to an impalpable powder. A 
separate experiment was made, to ascertain the quantity of moisture which they 
contained ; and then on another portion, also in the raw state, the trial with 
litharge was made: The powder, generally not exceeding 20 grains, was very 
intimately mixed with about forty times its weight of good English litharge, 
and placed in the bottom of a clean Hessian crucible of such capacity that, when 
the mixture was covered with 500 or 600 grains of pure litharge, it was not more 
than half filled. The crucible thus charged was placed on a brick support in the 
centre of the small furnace . . . in which the fire had been previously lighted, 
and suitably covered to prevent the danger from particles of combustible matter 
falling into it. The heat was gradually brought up to redness, at which it was 
maintained for some ten or fifteen minutes, or until the ebullition of the mass 
had nearly abated. The heat was then pretty rapidly augmented until ail the 
litharge resting above the charge was in complete fusion, at which it remained 
-a few minutes to allow so much action on the silica of the crucible as to facilitate 
the subsequent detachment of the button of lead from the unreduced oxide, as 
well as from the crucible itself, and to obviate error from the intermixture and 
adhesion of litharge. Wherever there was reason to believe that an imperfect 
result had been obtained, a repetition of the experiment was resorted to. It is 
obvious that all comparisons of this method of determining heating powers with 
the practical one by evaporation, ought to be made after deducting the propor- 
tion of waste or incombustible matter from the total weight of coal submitted to 


i 
i 
. 
Lal 
= 
=" 
= 
x 
© 
, 
y 


‘TESTS OF STEAM BOILERS WITH DIFFERENT KINDS OF COAL, 269 


from the average, that they cannot be accurately compared with — 

each other either directly or by any fixed law of progression, and _ 
this will be particularly the case when a highly bituminous coal i; 
is used in one case and an anthracite or semi-bituminous in the __ 
other. These limitations are particularly emphasized by the fact _ — 
that the results of the tests presented can only be compared with x 2 
those made with customary apparatus and customary manage- 
ment. Mr. Kent points out that much better results have been — 
obtained in practice with Western coals than those given by _ 
Johnson, though he found that the foreign and American tests == —> 
corresponded well with each other. Now if, by the use of : 


better furnace or better management, the evaporative results can z 
be improved in a certain locality, such result would plot ona | ce 
diagram like that represented in Fig. 1 above the general trend “sg a: 
of the experiments dotted on the lower part, and this result would — at 
bear a different relation to the curve derived from calorimetric — = 
tests above, which latter would itself be changed by the difference 
in the composition of American coals; so in order to test the rela- 
tive efficiencies of different boilers in different locations, using 
different coals under different conditions, it would be necessary < 
ascertain the value of the improved furnace and of the improved - 
care exercised in making a particular test, in addition to such 
information as was available about the theoretical and practical © 
calorific value of the coals employed. Even then no accurate ees 
comparisons could be made unless the practical evaporative effi- — 
ciency under standard conditions of the coal used had been — 
previously determined; and in determining the relative value of 
‘the coals still another difficulty is encountered, to wit, the varia : 
tions in the efficiencies of the boilers themselves. The efficiency nat 
of the boiler is usually the very question to be settled in a boiler — 
test; but to ascertain the comparative calorific value of different <a 
teal, i in order to use them in standard tests, allowance must = a" 
‘made for the difference in efficiency if different boilers are used 
or if the rate of combustion is varied. . 

§ 45. The writer, in the preparation of the General Report of 
‘Group XX., Centennial Exhibition (m 69), presented curves and 
_ tables based on experiments made in the United States Navy 
which very satisfactorily show the variations in the evaporative 
_ efficiency of a boiler due to different rates of combustion.* The 


* Since the report above mentioned is not generally accessible, the curves and 
_ formule developed by the writer are herewith presented. The experiments were 
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results there stated may be applied with confidence to tests of 
boilers that have been designed for economy by insuring a thor- 
ough distribution of the products of combustion over all the heat- 


made on marine boilers of the horizontal return tubular and the Martin vertical 
_ tubular types. The latter showed higher efficiencies, In Figs. 56 to 58 the curve 0 
shows, for the vertical tubular boiler, the number of pounds of water evaporated 
from and at 212 degrees per pound of combustible for varying rates of combustion 
_ expressed in ‘‘ Pounds of combustible consumed per square foot of heating surface 
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ing surfaces. Such a boiler cannot be forced much above its 
capacity without the use of artificial draught, and is therefore only 
adapted for positions where the load is comparatively steady. 
When the demands vary at short intervals it is necessary that — 
the boiler be constructed so that it will burn coal freely when — 
required. With such construction it is possible to obtain consid- 

erable difference in capacity, and this fact makes such a boiler of 
no better or even lower efficiency at comparatively small powers, 
thus reversing the rule compared with boilers proportioned for 
economy. 


perhour.” The curve P applies similarly to the horizontal tubular boiler. The , 
maximum evaporation possible under conditions stated, considering losses in chim- 
ney gases, is assumed to be 14.2 pounds, and the higher point of each curve termi- 
nates with this value. Calling # the evaporation in pounds of water from 
and at 212 degrees, and c the corresponding number of pounds of combustible 


= 
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from temperature of 212° per pound of combustible. 


Pounds of water evaporated at atmospheric pressure 


1.00 2.00 "8.00 4.00 5.00 
Pounds of combustible consumed per square foot of nesting surface per hour. 


burned per square foot of heating surface per hour, the curves 0 and P are 
represented by the following formule : . 


+ 2.04 


On Fig. 56 are plotted a number of experiments relied upon to determine the 7 
higher limits of the curves. Fig. 57 shows some of the principal experimental __ 
values through wide limits, Fig. 58 shows that the boilers tested at the Centen- — 
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$46. The falling off in evaporative efficiency of bituminous. 
coals, and indeed the low results with other coals, has been attri-. 
buted by various writers, on the one hand, to a deficiency in the: 
air supply, and, in connection with experiments with chimney 
== to a surplus of air admitted. Professor Unwin, in the. 
— lecture previously referred to (p), states as his opinion that the 
“chief loss of efficiency in the operation of the boiler is the heat 
carried into the chimney,” and that “this depends on simple con- 
ditions of air supply.” Rankine (a 291) makes a somewhat 

similar statement, but, from information now available, it appears. 
_ safe to say that such conclusion is not warranted, though, doubt- 
less, improvements in the result can be obtained in that way. If 
such a simple proposition were true, we would sometimes obtain 


x 


Bal Exhibition all failed in different degrees to show performances equal to those 
_ obtained during the naval experiments, and this will be found generally to be- 
the case with all boilers as ordinarily arranged. It should, however, be borne- 
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- in mind that the naval experiments were made under remarkable conditions.. 
- The coal was from a particular locality, selected for high uniform results, and the 
ae - firemen had been trained for a long time under expert supervision, and had 
a. a become very skilful. 
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very high evaporative results from ordinary boilers with rich _ 
bituminous coals; but the best efforts seem only to bring such 
results up, or nearly up, to those obtained with anthracite. Mr. _ 
Kent (7 507) hints that hot gas and air, or the conditions obtain- =. 
ing with a regenerative furnace, are necessary. 

C47. With “the expectation that mere regulation of the air sup- 


abroad an etemeneh called the “ dasymeter ” to indicate the = 


percentage of carbonic acid in the products of combustion, com- 
pared with pure air. The indication depends on the weight of a “A 
vessel through which gases are being continually drawn from the 
chimney of a steam boiler. It is stated that with practice the 

stoker “learns what alterations of the damper or fire-door or 7 Hy 
thickness of fuel on the grate are necessary, or whether a per- — 
manent alteration of grate area is desirable.” Comparative 
experiments of ten hours’ duration were made with a boiler hav- 
ing sixteen square feet of grate surface and 1,076 square feet of — 


Coal per 1,000 Percentage CO, ab 
of steam. by dasymeter. 


whi 


Chimney loss. 


4 


At first blush these results seem to show the great value of the 
dasymeter, and, indeed, a distinguished gentleman abroad has oe 
allowed himself to speak in enthusiastic terms of a device which 
will enable the percentage of carbonic acid to be continually read 
off “as readily as the steam pressure on a gauge;” but it is the oe 
office of the engineer to look at the facts presented in a critical — us 
way. It seems suspicious to have the evaporation stated in terms _ 


of coal per 1000 pounds of water, and by taking the reciprocal so — of a 


that the results appear in the customary way, we find that the we ae x 
boiler only evaporated 6.55 pounds of water per pound of coal 
without the dasymeter, and 8 pounds with it. The first result is 
altogether too low for any conditions, those actually obtaining not 
being mentioned, whereas the second result is about what should 
be expected under ordinary conditions ; thus raising the suspicion _ 
that the trials were made in the interests of the inventor of the 
particular dasymeter, but, once published, reached the eye of one 
always-on the lookout for improvements, who kindly attributed to 
others the same honesty of purpose as himself without thinking oil 
conditions which unavoidably enter into commercial transactions. — 
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§ 48. The above incident should not be considered as evidence 
that no benefit can be obtained from a knowledge of the propor- 
tion of carbonic acid in the products of combustion. An instru- 
ment of the kind might, in some cases, be very valuable as a 
substitute for the skilled observation of a good fireman. It is 
understood that manufacturers of instruments of this kind have so 
impressed their value on steam users that a premium is offered to 
firemen who will show the highest per cent. of carbonic acid. 
From what has been said; however, in the preceding pages it will 
be seen that the greatest losses occur from the fact that only the 
carbon in the coal is fairly well consumed, and the hydrogen, 
though of a higher calorific value, has little or no influence on the 
result. It is believed that this is a condition of things which 
needs further investigation with the view of improvement. 

§ 49. It is a maxim in making tests of all kinds to arrange all 
the conditions alike except the particular one to be examined. 
In applying this principle to the matter in hand it becomes evi- 
dent, in view of the varying results obtained with coals of similar 
composition, that if the comparative evaporative efficiencies of 
different boilers are to be tested with superlative accuracy it 
should be with the same variety of coal burned in furnaces of like 
construction under standard conditions. The value of improve- 
ments in furnaces should not only be tried with the same coal, 
but with the same or exactly similar boilers. Tests of the effi- 
ciency of different coals offer more difficulty, as furnaces of a par- 
ticular form and boilers of particular proportions are not strictly 
adapted for obtaining the best results from all varieties. It would 
seem, therefore, necessary in comparing different coals to make 
changes of detail suited to each, but the same rate of evaporation 
per square foot of heating surface should be maintained. If 
other than ordinary details or boilers of unusual proportions are 
used, the experiments made with the same would not be strictly 
comparable with tests made of the same coal with different 
details or in boilers of different proportions, and this of itself is 
sufficient to prevent in general any accurate comparison of boiler 
tests made with different kinds of coal in different parts of the 
country. 

§ 50. The difficulties in comparing the results of tests with 
steam boilers are very much reduced if such tests are made with 
the better grades of anthracite or semi-bituminous coals ordi- 
Fs aiaalae sold in the market, as the difference in results between the 
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same is, as shown by the elaborate Isherwood experiments, very 
small (§ 16). As clearly pointed out, the practical evaporations 
are not accurately proportioned to the calorific values shown by 
calorimeter or chemical composition, but they can be compared 
with a fair degree of accuracy by stating the results in units of 
evaporation per pound of combustible. It does not appear, every- 
thing considered, that for tests of different boilers with different 
coals of the same general character any other plan will give re- 
sults any more accurate. There will be some variations in par- 
ticular samples of the different coals, even of the better grades, 
which will affect the results for comparison with other boilers 
tested with different samples; but these minor differences can 
only be eliminated by the adoption of the suggestion that in all 
standard tests of boilers, where great accuracy is required, a par- 
ticular kind of fuel be employed, which, from the experience of 
engineers in general, is quite uniform in quality, as regularly 
delivered in the market. A modification of this would be to 
compare the boilers in a given location by their relative per- ae 
formances with a fair sample of a particular fuel available in 
that particular locality, when a careful comparison of the stand- .- 

ard fuel adopted in one section with that employed in another 
would enable the performances of all boilers in different sections 


a. Rankine on “The Steam Engine,”’ 5th edition. wa 


b. Johnson on ‘*‘ American Coals”: A report to the Navy Department pub- 
lished in 1844, as Senate Document 386, Twenty-eighth Congress, 1st Session. 

ce. ‘“‘ Engineering Precedents,’’ Chief-Engineer B. F. Isherwood, U. S. N.: two 
volumes, published by Balliere Brothers, New York, 1859. 


d, ‘‘ Experimental Researches in Steam Engineering,” by Chief Engineer 


B. F. Isherwood, U. 8. N.: two volumes, published by William Hamilton, 
Philadelphia, 1863 and 1865. 


g. ‘‘The Evaporative Power of Bituminous Coals”: a paper by William puley. ss * 
Kent, Esq., M.E., published in the Transactions of the American Society of | 
Mechanical Engineers, IV., 249, 1888. 


i. “ Testing the Relative Value of Different Coals”: article by William Kent, 
Esq., M.E., ‘‘ Engineering and Mining Journal,” July 19, 1890, p. 76. 
j. “Critical Review of Efficiency Tests of Coals,” by William Kent, Esq., M.E., 
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m. General Report of the Judges of Group XX., International Exhibition, 
1876. J. B. Lippincott & Co., 1878. By Charles E. Emery. 


n. ‘‘A New Coal Calorimeter,” by Prof. R. C. Carpenter, Trans. Am. Soe, 
M. E., DCUIIL., Vol. XVI. 


p. The Third James Forrest Lecture by Prof. Unwin on ‘‘ The Experimental — 
Study of Heat Engines,” Minutes Inst. C. E., CXXII., 161. 


Prof. R.C. Cars enter. —I have found in some boiler tests quite 
different results at different rates of combustion. I never was 
able to carry through any systematic experiments relating to 
this subject; but I found in the second volume of Weisbach’s 
Mechanics (the American edition) a very extended report of 
some trials made in Philadelphia in 1868. I plotted the results 
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of these tests, with the amount of combustion per square foot 
of boiler surface as abscissa and the evaporation per pound of 
combustible as ordinate, and I obtained a very regular curve 
(Fig. 59). The equation of the curve is of the following form, 
in which B is the theoretical evaporation corrected for radiation 
of the coal, 4 a constant, and X the number of pounds of com-. 
bustible burned per square foot of heating surface per hour, 
y the actual evaporation. The general equation is y= B—A /% 
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For the water tube it was like this: y = 14.3 —4.5,/x; for the 
tubular boiler y = 14.3 —5,/x. I think the rate of combustion 
is an element which will affect the results in every single case ; 
and in testing a boiler this should be given considerable weight. 

Regarding the table which Dr. Emery referred to as showing 
the analyses made at Sibley College last year, I think, perhaps, 
that table is a little misleading in one respect. Those values, 
as originally published, are per pound of coal and not per pound 
of combustible. We found that the values of the anthracite 
coals plotted per pound of combustible gave very nearly a 
straight line, but for the curve of the bituminous coals we could 
find no such relation. I will furnish Dr. Emery with a more 
complete table of results. (See Table VI.) 

Prof. John H. Barr.—The paper presented at the Detroit 
meeting by Mr. Dean, and the present paper by Dr. Emery, 
emphasize the importance of a method for comparing the fuels 
used in different boiler trials. The plan suggested by Dr. 
Emery, of adopting standard grades of coal for each of the 
different sections of the country, seems only partially to meet 
the requirements, though, perhaps, it is the best thing which 
can be done. 

It occurred to me in this connection that coke might possibly 
be adopted as the standard fuel for determining the perform- 
ance of the furnace and boiler. It is readily obtained in almost 
all localities ; dry cokes from very dissimilar coals differ practi- 
cally only in the percentage of ash ; and the heating value, actual 
as well as computed, should be approximately proportional to 
the weight, less the ash and the moisture, both of which are 
readily ascertained in a fuel free from “ volatile matter.” 

Objections can be urged to this scheme, no doubt; such as 
the claim that furnaces specially adapted for burning bituminous 
coals would be at a disadvantage with a fuel consisting only of 
fixed carbon. It seems, however, that this artificial fuel might 
serve as the standard in comparing furnaces and boilers in most 
cases, making provisions, of course, to govern the procedure 
when for any reason this fuel could not be used to advantage. 

Mr. A. A. Cary.—In this matter of establishing a new standard 
I can see many difficulties standing in the way of this committee. 
I am often called upon to make boiler guarantees and tests in 
all sections of this country, and for the sake of having practical 
information at hand to assist me in making guarantees I have 
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for some time been collecting the results of all the principal 
boiler tests which I could find, and I have tried to tabulate them 
systematically for ready reference. I am sorry to say that I 
have found them, with but a few exceptions, of but very little 
value for my purpose. <A great majority of them fail to state 
items of the utmost importance, such as information regarding 
the character of the coal used, the moisture it contained, its 
size, its calorific value, etc.; and the most important items of 
furnace construction, peculiarity of setting, and method of 
stoking are very seldom noted. 

Dr. Emery has spoken of having different furnaces for different 
grades of fuel. That, I am afraid, would hardly be practical, as 
I know from experience that it is very hard to get boiler users 
to adopt special furnaces, and so we would seldom find the 
exact kind of furnace required when we go toa plant to runa 
boiler test. Another objection would be found in cases where 
steam users changed from one grade of coal to another to take 
advantage of the lowest market prices, and for other reasons. 
The furnace suited for one grade of fuel might be entirely 
unfitted for the other. We find certain mechanical stokers and 
special furnaces giving excellent results in certain parts of the 
country using certain grades of coal; but take these same 
stokers or furnaces to other sections, or change the grade of 
coal, and you will find them giving much poorer results than 
those obtained from the old-fashioned hand-stoking. 

To cite an instance in this connection, I know of a certain 
mechanical stoker which will handle Pittsburg coal, and most 
of those found in Ohio, northern Indiana, and also the semi- 
bituminous coals, and give excellent results, but when it is 
called upon to handle coals containing a perceptibly greater 
amount of volatile matter, such as are found in southern 
Illinois, in Kansas, and in Iowa, it is almost a complete failure. 

This variation of success is by no means confined to this one 
stoker. All are alike in this respect, and the same can be said 
of all special furnace-settings; and for this reason we find one 
kind of furnace-setting or stoker a great favorite in one section 
of the country, while in another section, where it has been 
equally well represented, it has but comparatively few users. 

This variety of results obtained from each of the various 
stokers and furnaces, using different grades of coal, should be 
carefully studied by all mechanical engineers advising steam 
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users as to the best method of equipping their plants; and, 
further, they should remember that it is somewhat dangerous 
to be guided in the selection of such apparatus by the recom- 
mendation from a steam user at a distant part of the country, 
where the fuel and other surrounding conditions are quite 
different from those of the plant which he is equipping. 

Taking coals containing a considerable percentage of volatile 
matter, which will produce a fair coke, we find that these are 
being handled to-day to the best advantage in boiler furnaces 
constructed on the gas-producer principle. At the last meeting 
of the Society in Detroit several of these were described under 
the name of down-draft furnaces. 

The operation of these furnaces is very simple. Fire is built 
upon a series of parallel pipes in which water is allowed to cir- 
culate, forming what is known as a water-grate. When the bed 
of coal becomes practically incandescent, new coal is thrown 
upon this bed ; the volatile gases are, of course, distilled off (the 
same as they are when coal is heated in a gas retort); but in 
this furnace, instead of escaping upward to be chilled and par- 
tially extinguished against the cold boiler parts, they are drawn 
down by the regular draft, through the incandescent bed of coke 
below, and their combustion is nearly completed before they 
escape from under the grates and find their way to the heating 
surface of the boiler. 

Another very successful variety of this gas-producer type of 
furnace is found in what is called the under-fed stokers (Fig. 60). 

You can easily picture this stoker by imagining, in the first 
place, a regular boiler furnace complete, with the ordinary sta- 
tionary grates. Next let us remove a line of these grate bars, 
about thirty inches in width, from the front to the rear of the 
furnace, and directly in the centre. This, of course, will leave 
two strips of our stationary grate on each side of the furnace, 
next to the side walls. 

In the centre is next placed a long U-shaped trough, with the 
open part upward, and along the entire length of this U, on 
each side of the opening, are placed a number of tuyere blocks 
with a line of openings along each inner edge of the U. These 
tuyeres are connected below with a wind box, which obtains its 
supply of air from an outside fan. 

The U trough is continued at its lower and front end in the 
shape of acylinder about 8 inches in diameter, and this cylinder 
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passes through the boiler front out into the boiler room, and it 
is through this cylinder that the coal is fed into the furnace. 

One method of feeding the coal is accomplished by placing a 
steel conveyer-screw in the 8-inch cylinder, and continuing it 
along the bottom of the U trough, the screw gradually tapering 
towards the rear end of the furnace (Fig. 61). 

Another manner of accomplishing this result is found in the 
shape of a piston ram, which also works in the 8-inch cylinder, 


Fie. 60. 


_ the ram being driven by a steam cylinder placed directly behind 
it, in a similar manner to a direct-acting pump. 
Now let us fill our U trough with coal and start a fire on our 
_ side grates, which, with the aid of our air supply, delivered 
through the tuyeres, can be made to burn also over the U 
- trough. We soon have an incandescent bed of coal, and then we 
begin to feed in the supply of coal. 
The trough being full, the coal must find some method of 
_ escape, which it does by heaping up in the centre, finally taking 
_ the shape of a mound. The whole surface of this mound is now 
in an incandescent state, and as the fresh coal is fed up from 
_ underneath it soon reaches the lower part of the incandescent 
bed, its volatile matter is distilled off, and it burns rapidly, and 
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practically completes its whole combustion before it escapes 
from the surface of the mound, from whence it passes upwa. 
a natural manner to the heating surface of the boiler. 
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As soon as the volatile matter is distilled off from the coal 
ss there is practically nothing but coke left (along with the incom- 

. a  -bustible impurities of the coal); and it is this coke burning, 4 
ee along with the volatile gases, which forms the very hot surface __ 


The incombustible matter finally rolls down the two sides of 
the central mound, in the form of slag or clinker, on to the side 
grates, from whence it is removed easily by the clinker hook. 4 

_--- This form of stoker is probably the best of any, when a vary- 
ing rate of combustion is required, especially the stoker with 
the conveyer-screw feed, as the speed of this screw can easily 
be varied at will; and the fan blast, supplying the tuyeres, can 
also be regulated easily to suit. 

2 =e The extreme Western coals, excepting those which refuse to 
- ae burn to a coke, and those which run like melted molasses 
-—- eandy, seem to work better with this gas-producer type of 
____ stoker than any of the other types, and the coals above excepted 
gan also be handled in this type of stoker if they are mixed 
with other coals having a tendency to counteract their faults. 
They are also extremely efficient with the coals further east 
_ which will form a good coke, although carrying not over from 16 
to 18 per cent. volatile matter. 
_ The stokers of the Roney, Murphy, and Brightman type do 
not depend so much on the coking qualities of the coal they 
_ burn for successful working, but careful watching will show that 
they are far more successful in handling certain grades of coal 


In burning the true bituminous coals there are many very 
- successful furnaces in existence depending entirely on brick 
__ arches which are sprung over the grates, and they generally 
O, have advantageous points to admit air over the fire. I have 
known the application of these brick arches to increase the 
a ae Ss efficiency of the boiler 10 per cent. 
ss The arrangement of the setting of any individual boiler to 
gut the different fuels is one of the utmost importance. During 
ae the past year I was called upon to examine a plant of water-tube 
. Aa boilers in the West, where it was alleged that certain mysterious 
a Pay troubles had appeared. The owners of this plant had bought 
i - 2 one boiler of certain make, and it had given them such excel- 


ent satisfaction that they were led to purchase others from 
ss the same makers, but, for some strange reason, these other 


fire 
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boilers did not begin to give the satisfaction obtained from the 
first one. 
After a little examination I found that the makers had placed _ 
their grates much nearer the tubes in the last boilers than they _ 
did in the first one, so I had the tubes raised about fourteen 
inches, and since then the same satisfaction has been obtained 
from the new boilers as from the first one. | 
You will see from this that the true efficiency of any boiler 
cannot be determined by a test unless its setting is in every way 
adapted to the fuel used; and so it seems to me very necessary, __ 
in reporting a boiler test, that its method of setting, with 
measurements, should be carefully stated, otherwise a fair com- 
parison cannot be made with any other boiler test. a 
We often note that special boilers manufactured in certain _ 
localities are more successful in fuel economy in their own 
immediate locality than they are further away from home. This 
is now easily explained. The boiler and setting has been 
specially designed to use the fuel in its neighborhood; and 
when this boiler goes toa distance and has other grades of fuel 
to handle, until the makers become thoroughly familiar with 
the new conditions to be met, their competitors are going to _ 
lead them, and sometimes very decidedly. 
Dr. Emery spoke of arranging the conditions alike. From | 
what I have said it will be seen that it is almost impossible to 
do this. Take the matter of having several standard fuels for 
different parts of the country. This would certainly be very 
desirable if the fuel ran sufficiently uniform. It has, however, — 
one drawback, and that is, the extra expense it adds to many —T 
boiler tests. There are a number of plants where I have made 
tests which are somewhat off the main line of travel, and so the | 
freight rates are very high; and besides, in manufacturing | 
plants manufacturers want results from the coal they intend to 
burn every day. But these are comparatively unimportant 
exceptions, and I certainly hope that standard coals will be _ 
adopted: and this seems to be the only way we will be able to —_— 
get at results of any value from which to make comparisons. 7 
Mr. William Kent.—Before saying what I have to say about 
Dr. Emery’s paper, I would just make a remark on what Mr. ie sale 
Barr has stated, that I consider coke would be very objection- =—=_—- 
able as a standard fuel, for the reason that it is porous, which 
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know what the average moisture of the whole body of coke was, 
The moisture would vary in every part of the pile, and it would 
be extremely hazardous to use it as a standard on that account. 
I think large egg anthracite, which can carry very little moist- 
ure, would be a much better standard if one coal is going to be 
adopted. 

In regard to Dr. Emery’s paper, I would say that I am entirely 
in accord with the conclusions reached by him, and expressed 
on the last pages of his paper. 

The argument there against using efficiency as a standard for 
steam boilers I think is a very strong one, and I can supple- 
ment it by several other reasons, but I will not take up the time 
of the meeting by giving them, but will give them to the test 
committee, and have them thoroughly discussed there. 

On page 247 Dr. Emery quotes Isherwood’s experiments, and 
gives the figures of 12.412 for evaporation for anthracite, and 
another test of 13.865 pounds of water from and at 212 degrees per 
pound of combustible. I think these experiments from Isher- 
wood should not be mentioned without condemning them. We 
cannot at all accept any such figures as those with regard to 
the combustion of anthracite coal. The criticism by Dr. Emery 
of the analysis of the Ormsby coal in footnote of Table I is 
well taken. The coal is stated to have given 24,988 British Ther- 
mal Units, calculated from the analysis, which analysis gives 
21.47 per cent. of hydrogen—a simply impossible coal. There 
never was such a coal in the world, nor can there be. If you 
will look through the geological reports of Pennsylvania you will 
find many thousands of coal analyses, and I do not think you 
will find a single one that has half as much hydrogen as this. 
If that coal was marsh gas—CH,—it would have only 25 per 
cent. hydrogen in it, and if it was petroleum, liquid fuel, it would 
have only about 15; so it is simply impossible it could have 21 
asa solid coal. That statement should not be brought into a 
paper like this except for the purpose of condemning it. 

Mr. F. W. Dean.—I have a few figures which I would like to pre- 
sent. In the discussion of the paper which I presented last year, . 
advocating a change in the method of reporting boiler trials, 
basing the performance upon efficiency rather than upon evapo- 
ration per pound of combustible, I advocated the analysis of 
the coal for the reason that I thought it was rather a more 
perfect method than the method of calorimeter determination; 
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and I was under the impression, and I think it is a fact, that 
persons were endeavoring to make the coal calorimeter approx- 
imate more closely to the results derived from the analysis of 
the coal; and that process of bringing the calorimeter up to a 
greater state of perfection is still going on. However, I did not 
present it in any dogmatic way, and I do not’ now adhere to it 
in that way. In making tests during the last few years, I have 
in a number of cases had the coal analyzed, and have also had 
the same samples subjected to a calorimeter test, and I think it 
would be interesting in this connection to call attention to some 


Kinp oF Coat. ANAL. Cat. PER CENT. 
G.C. Cumberland........... 14241 
Clinch 14,882 18,401 
G.C. Cumberland...... 14,977 14,092 94 


_ In the second column we have the results by analysis, and 
in the third by the Thomson coal calorimeter, and the last 
column gives the percentage of one to the other. These analy- 
ses and calorimeter determinations were made by the same per- 
son, a chemist in Boston whom I always employ, and you will 
see that the percentages run quite uniform. There is an occa- 
sional irregularity. If it comes to a question of choice between 
the two methods, it would seem to be quite unimportant which 
is adopted, as they run parallel. I think any one in making a 
boiler test is rather desirous of having an analysis of the coal, 
and if that would answer the purpose without any further ex- 
pense it would be a good thing. ButI suppose it will be urged 
that the calorimeter is rather more practical, and approximates 
more closely to the performance which goes on under the boiler, 
and from that point of view it would be justifiable of course to 
take the calorimeter. 
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My chief reason last year for advocating the efficiency basis 
was, as I stated in the paper, that coal varies in heat value per 
pouad of combustible. Mr. Barrus has paid great attention to 
this matter, and has published, I think, in the Transactions of 
this Society, ‘a list of such determinations, and you will find that 
they vary considerably, something like six or seven per cent. 
Of course, therefore, if you base your determination upon com- 
bustible simply you take no account whatever, as I then said, 
of the different heat values of pounds of combustible. That to 
my -mind was sufficient argument in favor of the efficiency 
method, and I think that even in Dr. Emery’s paper there is 
just about as much proof in favor of that method as there is in 
favor of the pound-of-combustible method. I made, some time 
ago, two tests at a mill in Lawrence of the same boiler and with 
the same grate and fired by the same man. The tests were 
separated by about a month, and were made to determine the 
value of a certain cob-house arrangement of fire-brick in the fire- 
box, which was called a fuel economizer, for which the claim 
was made that there was a saving produced of anywhere from 
twenty to thirty per cent. of coal. I think if any one were to see 
the structure put in, and to see what a poverty of brick-work 
there was, he could not think it very effective. I will put down 
the results. The rate of combustion in the first test was 21.40 
pounds of coal per square foot of grate, and the next one 21.70; 
and the evaporation per pound of coal from and at 212° in the 
first case, which was the plain boiler, was 10.46, and in the 
other case 10.71; and by analysis the heat values of the coals 
were 13,916 and 14,360, and the efficiencies determined by them 
were 72.59, 72.08. Now, the advocate of the fuel economizer 
immediately said that he had made the saving which is indicated 
by these different rates of evaporation, which would be 10.71 — 
10.46 + 10.71, which would be two and something per cent.; but 
the- real saving by the fuel economizer would be just the other 
way about, for where the evaporation was the greatest the 
efficiency was the least; therefore I reported that there was 
practically no saving by the use of the economizer; in fact, it 
might be shown that there was a little loss, and I felt satisfied 
that that was the proper way to show it. And then, I have 
found out that I could rate boilers better in that way than I 
could..in any other. I could get very uniform results. For 
instance, I have found from the results of various tests that the 
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efficiency of the horizontal return tubular boiler is from seventy _ | 
to seventy-one per cent. when the boilers are fired by the same > 
‘method ; whereas, if you go by evaporation you will get awider _ 

range of performance. In these discussions the question has _ e 


come up of whether it would not be better to have different = ~~ 


standards to go by in different parts of the country, because __ a 7 
coals vary so much. It seems to me that the efficiency method “a a 
makes it unnecessary to do anything of the sort; forifa person == 
builds a boiler to go out to St. Louis, for instance, he ought to ais a 
understand what St. Louis coal is and just what efficiency he can _ 
expect, and make his guarantee accordingly. Everybody knows _ 
that coal obtained in that part of the country cannot give as _ 
high efficiency as Eastern coal does. I think that is pretty well _ 
settled, and the person, I say, who enters that market must _ 
make his guarantee accordingly. I think the efficiency method P. : 
applies perfectly to all parts of the country. a, 
Mr. Kent.—I would like to ask Mr. Dean what calorimeter 
was used. 
Mr, Dean.—The Lewis Thomson calorimeter. 
Mr. Kent—The results put on the board are certainly sur- its 
prising. Mr. Dean says it does not make much difference — loci ee: 
whether we take the calorimeter tests or the analysis as the - 
value ; but there is a difference of seven per cent. That would — 2 
make a difference of perhaps $50,000 in some law suits for per-— 7 
formance of contract. But the results are still more surprising — 
in the fact that Mr. Dean shows such uniformity, the calorim- — 
eter being practically seven per cent. less than the analysis; 
while Scheurer-Kestner’s tests, made about fifteen or twenty 
years ago, showed just the reverse. It appears on this diagram 
on page 256 that the calorimeter tests made by Scheurer-Kest- 
ner were about ten per cent., on an average, higher than the _ 
analysis. From that date down to the time of Mahler’s ex- — 
periments their statement was generally considered to be cor- __ 
rect. Mahler comes along and finds the calorific value of coal 
is almost exactly the same as that of the analysis. Now Thom- © 
son’s calorimeter shows that it is seven per cent. less. Sowe 
have all that range—seven per cent. below the analysis and ten 
per cent. above it. Now, which is right? My own impression _ 
is that Mahler is right. Scheurer-Kestner may have been 
right. The actual calorific value may have been higher than 
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Mr. Hale.—Did not they all three use different calorimeters 
and all three different formule ? 

Mr. Kent.—They all doubtless used the same formula (Du-' 
long’s), but different calorimeters. 

Mr. Dean.—I must plead ignorance on these details. I left 
the matter wholly to the chemist. I am not a chemist, and I 
do not intend to become one. 

Professor Denton.—The Mahler calorimeter condenses all the 
products of combustion, allowing all the heat of the hydrogen 
to be accounted for. Mr. Dean’s calorimeter does not, as I 
think it allows the products of combustion to escape, and some 
of the heat due to the combustion of the hydrogen is carried off 
as moisture in the excess of oxygen above the amounts required 
for combustion. 

The error due to this fact would probably not reach one per 
cent. 

It should also be noted in studying these figures that the 
calorific values given with a Mahler calorimeter agree with those 
calculated from analyses only when the latter are derived from 
the following particular formula, 


Heat of combustion = 14652C + 62100 (az — 


o+ 


which may not be the one employed by Mr. Dean. 

Dr. Charles E. Emery.*—The subject is so complex that in 
closing I can only discuss a few points which have arisen in the 
discussion. Professor Carpenter has referred to the variations 
in efficiency due to different rates of combustion, and presents 
curves he has plotted from information given in the second vol- 
ume of Wiesbach’s Mechanics (American edition). These ‘ex- 
periments were made at the New York Navy Yard under Mr. 
Isherwood’s general directions, and I called the attention of 
Mr. Buel, who annotated the second volume of ‘Wiesbach, to 
them, by a reference to my paper on the subject of “ Boiler 
Proportions,” in the report of the judges of Group XX., Cen- 
tennial Exhibition (m), for which he gives due credit. Referring 
to this report, it will be found that, as stated in § 45 of this 
paper, I then gave curves plotted from such experiments, and 
formule based thereon. The function used by Professor Car- 
penter in plotting his curves must be criticised, as evidently the 
evaporation shown by formule would have a negative value 
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when the combustible burned per square foot of heating sur- ie 
face exceeded ten pounds per hour, which evidently cannot be © 
true. That branch of the curve must be an asymptote, always e. 
approaching but never reaching zero. For this reason I used — 

a hyperbolic function for which constants could readily be ar-— i 
ranged to accomplish the purpose stated, and this was actually a 
done for one of the curves, the other being true merely between __ 
limits. As the original curves and formule are not generally ac- 
cessible to members of the Society, T have appended them to § 45. « 

I am very much interested in Mr. Kent's criticism of. the 
analysis of the Ormsby coal as stated by Mr. Isherwood. The 
subject is well worth further inquiry. The analysis is given in © 
great detail, showing the volumes of the different gases which - 
are obtained from this coal. The calorific value was, however, - 
so high that I thought it necessary to at least question the anal- = 
ysis in a footnote to Table I. 

Mr. Dean in his discussion reiterates that, “If you base your 
determination upon combustible simply, you take no account - a 
whatever, as I said, of the different heat values of pounds of in 
combustible. That to my mind was sufficient argument i in favor + ‘ ; 
of the efficiency method, and I think that even in Dr. Emery’s iss : 
paper there is just about as much proof in favor of that method .. 


as there is in favor of the pound-of-combustible method.” 
response I will say, in the first place, that if there were a mere _ 
equality in testimony, that would not warrant changing an 
established basis of comparison, but without recapitulation it 
seems to me that the evidence adduced shows the efficiency 
method to have a limited application. It is true that it is of ae “4 
considerable value in a commercial sense, from the fact that = ~— 
many coals, particularly in the West, are of low calorific value, — ey 
and it can be claimed that a particular boiler gives as high or a © yale 
higher efficiency than another when the heating power of the 
coal is considered. This paper is not intended, however, for hs 
commercial consideration, but simply to ascertain the value of # 
various comparisons. All standards are subject to error, and it 
has been shown conclusively that the efficiencies obtained in ms 
practice are not the same for coals containing considerable vola. 
tile matter as for those which have less. It is therefore only 7° 3 ng 
standard of comparison for coals from a particular region having _ 
similar characteristics, and the evaporation per pound of com- 
bustible shows the same relations, = = j= 
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Many of those who have discussed this subject do not appear 
to realize that the differences shown by calorimetric experiments. 
are not necessarily confirmed by actual evaporative tests. The 
calorimetric tests given by Mr. Barrus in his paper (see review 
of same in § 39 of this paper) show differences in the heating 
values of Cumberland coal, and even of George’s Creek coal, 
which are impossible in practical working, in view of the experi- 
ments of Mr. Isherwood and the experience of engineers in 
general. The differences are in part due to the difficulty of 
obtaining an accurate sample in the first place and accurate 
results by burning a sample of such sample.- The ash in coal 
dust is generally much greater than in the lump, and large 
quantities of both should be crushed in the exact proportions 
they obtain in the coal before sampling begins. The efficiency 
method has the ridiculous feature about it that after spending 
many hours or days in obtaining accurate average results from 
a large quantity of coal consumed in a furnace, the value of this 
elaborate experiment, with all its details, is modified by divid- 
ing the result by that obtained from a small sample of coal 
under entirely different conditions. 

It is, however, desirable to obtain further information as to 
various coals, so that efficiency comparisons will be more valu- 
able; but until then, and probably afterward, their value, as 
stated in the original paper, will be only to supplement and 
not supplant the present standard. 

Finally, I will say that it is to be regretted that there has not 
been a more general response to the request made at the meet- 
ing to send in the results of tests, whereby the actual evapora- | 
tive efficiencies of different coals could be compared with their 
calorific values shown by ultimate analysis or by burning 
a sample in oxygen. Prof. Horace B. Gale has, however, 
kindly sent an abstract, which appeared in Power for 
August, 1894, of a paper read by him before the California 
Electrical Society, May, 1893, from which two tables are here- 
with presented, marked Tables IX. and X., showing respectively 
the proximate analyses of various coals and the evaporative 
efficiencies of different coals in boilers of the type stated. 
There may be a few repetitions of data previously referred to, 
but the tables as a whole are particularly valuable in this con- 
nection, as they show results from many of the coals available 
on the Pacific Coast. evode 
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TABLE IX. 


TESTS OF STEAM BOILERS WITH DIFFERENT KINDS OF coAL. 


PROXIMATE ANALYSES OF DIFFERENT KINDS OF COAL. 


DESIGNATION OF COAL. 


Fixed 


Carbon. 


Anthracite ; 


Peach Mountain, Penn..... 


Semi- Anthracite ; 
Natural Coke, Virginia ............ 
Lycoming Creek, Penn, 
Arkansas, No. 16, Geol. Survey 


Semi- Bituminous ; 


oe 
Cliff, New South Wales, Australia 
Skagit River, State of Washington 
Cumberland. Maryland 
Mount Kembla, New South Wales, Aus 
Fire Creek, West Virginia................... 
Arkansas, No. 12 Geol. Survey..... 


Bituminous 


Wilkeson, Pierce County, Washington 
Cowlitz, Washington ...... 
New River, West Virginia..... ... ES ae 
Pictou, Nova Scotia 


ee 


Carbon Hill, Washington ,................... 
Wellington, Vancouver Island, B. C......... 
Franklin, Washington................ 
Rocky Mountains .. ... 
Newcastle, England .. 
Mokihinui, Westport, New Zealand.......... 
Brunner Mine, Greymouth, New Zealand.... 
Nanaimo, Vancouver Island, B. C 
Hocking Valley, Ohio 
Pleasant Valley, Utah 
Washington 


Lignites : 
Otago (Kaitangata Cr.), New Zealand 


Coos Bay (Newport Mine), Oregon 
Alaska 


R 


. 


@-+ 


OF 


uo 


53.01 


as 


BSE 


ee 


Reger 


Sulphur. 


ROSE 


oo 


SS Ord CO 


be 


VsVsesssa 


ait 


co 


Moisture.| Matter. | 
5 2.38 7.11 01 
9 2.96 6.13 .01 
12 3.91 6.35 12 = 
01 3.28 | 5.56 
2 6.25 4.55 
12 12.44 11.38 47 
67 18.84 13.96 08 
| 14.98 | 9.66 = 
14.86 | — 
17.7 1.26 
18.8 
20.52 
22.42 54 
66.75 
70.66 5 
| 56.98 7 
Big Muddy, Illinois .............. | 54.64 1.01 
Bellingham Bay, Washington,.... .58 
Connellsville, Penn............... -.78 
5. 
2:38 
4 
2.39 
67 
1.28 
39.15 97 
Kootznahoo Inlet, Admiralty I., Alaska..... 3 87.02 72 _—_— 
Calispel, Washington.... 2 41.18 3 
Carbonado, Washington. 42.27 Trace. 
Upper Yakima, 1 42.47 Trace. 
Methow, Washington 43.71 26 
Newcastle, King County, Washington.......| 2 46.7 
Black Diamond, King County, Washington..| 3 47.19 01 | 
Black Diamond, Mt. Diablo, California......| 33.89 
7 
‘ 
44.85 1.15 et 4 
Huron, Fresno County, CalifOrn 18 51.73 2.73 
Ione, Amador County, California 34.88 Trace. 
* 
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TABLE X. 
RESULTS OF EVAPORATIVE OF DIFFERENT KINDS oF COAL. (GALE.) 


TESTS OF STEAM BOILERS WITH DIFFERENT KINDS OF COAL, 


Cnhass AND DESIGNATION OF FUEL. 


Tr 


Lbs. Steam 
from & at 
212° F. 

lb. of coal. 


Type of Boiler Used. 


Authority. 


Anthracites 
Welsh, South Wales 
Welsh, South Wales..... 
Lehigh, Penn 


Semi-Anthracites : 
Arkansas, No. 16, Geol. Survey............ iaeaes 


Semi-Bituminous: . 
Cumberland, Md. 
Blossburg, Penn..... 
Arkansas, No. 12, Geol. Survey 
Fort Smith, 
Coal Cliff, N. S. W., Australia 
Mount Kembla, N. 8. W., Australia 
Mexican, Mexico 


Bituminous : 
New River, West Virginia ......... 
Kanawha, West Virginia 
Newcastle, England (average).. 
Live’ 


Takasima, Japan 


Pacific Coast Fuels: 

Wellington (Lump), Vancouver Island, B. C...... 
Wellington (Screenings), Vancouver Island, B. C. 
South Prairie, Washin: 
Diamond (House Coal), Washington 
Green River, Washington 
Seattle (Lump), Washington 
Seattle (Screenings), Washington . .............. 
Renton (Screenings’, Washington..............+ 
Cedar River (Nut), Washington.................. 
Cedar River (Screenings), 
Wellington, Vancouver Island, B. C..... ... 
Wallsend, N. 8S. W., Australia.............. 
Pleusant Valley, Utah.......... ...<¢ 
Nanaimo, Vancouver I’d, B.C. (average of 5tests). 
Carbon Hill, Washington (average of 20 tests).... 


Rocky Mountain (average of 8 tests)........ esenee 
Roslyn, Washington..... os 
Liqnites: 
laska..... 


Bucado, Washington................. 
New Pittsburgh, Washington 
Coalinga, Fresno County, Cal 
Coalinga, Fresno County, Cal 
Ione, Amador County, Cal............ see. 


Wood 


Co 


GROVE STAT WD OS 


OUD AE AED OF OU ON DW 


& 
vw 


Water tube (B. & W.) 


. tubular 
“ 


“ 


| Water tube (H.)...... 
Hor. tubular 


Water tube (B. & W.) 
‘ 

“ “ 
|Water tube..... 
Water tube B.& Ww.) 

| “ec 
Water 
Hor. tubular......... 


|Locomotive.......... 


Locomotive.......... 

Stationary Lo 

Locomotive 


Mr. Wolfenden, 
|H. B. Gale. 
C. E. Emery. 


Ww. R. J ohnscu. 


Ww. R. Johnson. 

So. Pac. Co. 

H. B. Gale. 

U.S. Navy Rep. 

W. R. Johnson. 
. B. Gale. 


So, Pac. Co. 


U. 8. Navy Rep. 


“ “ 


‘lH. B. Gale. 


W. R. Johnson. 


§ Dela Beche and 
Playfair. 
H. B. Gale. 


“ 


S. Navy Rep. 


A. Worthington. 


.|J. E. Burness. 


A. Worthington. 


J. EZ. Burness. 


J. H. Godbold. 
So. Pac. Co. 


LIN. Pac. R.R. 


So. Pac. Co. 


‘ “ 


N. Pac. R.R. 
So. Pac Co. 


N. Pac. R,R. 


So. Pac. Co. 


“ 


W. R. Johnson. 


Locomotive...... 
4 
ubular 
Cannellton, Indiana..............0.. 
Scotch Splint, Fordel, Scotland..... 
Scotch, Dalkeith, Scotland.......... 
2 
— 
tationary 
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TOPICAL DISCUSSIONS AND INTERCHANGE OF 


7 For filtering oil having very finely divided metallic particles in suspension, : 
what have you found to be the best filtering material, either for one operation or _ ae 
in a series ? 


two shallow hs tin trays and some wide eee. oe 
One of the trays, slightly smaller than the other, is supported __ 
within it on two blocks, which raise it an inch or so from the | 
bottom of the larger pan. The wicks are laid in the upper pan = 
so as to hang over its edges into the lower pan. 

The oil to be filtered is poured into the upper pan. Adrip _ 
cock in the lower pan, and a cover for the whole, complete the _ 
apparatus. No quantitative tests have been made, but the 
results, as far as the eye can judge, are good. <i 

Mr. P. J. Tracy. * —Machinery oil used for lubrication, after : 
passing through the bearings seems not only to become con- _ 
taminated with non-lubricating matter, such as fine metallic 
particles, carbon, dust, etc., but it seems also to lose, ina great _ 
many cases, a large percentage of its valuable elements. It thus a * 
becomes less volatile and more difficult to restore to its original — 
purity and value, and the attempts by filtration in most cases 
have not been satisfactory to the practical engineer. 

It is not the heavy deposit of foreign matter which injures 
machinery, as such material is easily and readily removed, but - 
it appears to be fine particles. often invisible to the naked eye, 
which become so incorporated into the body of the oil as to 
cause the heating and cutting with which operators are familiar. 7 
The heat would also seem in many cases to affect the structure 
of the bearings, as well as to increase consumption of the fuel. 


ia * Of Racine, Wisconsin. Contributed by letter to the Publication Committee. 
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ee complete removal of the finely divided metallic matter 
cannot be effected by passing it through many of the so-called 
filtering mediums, such as mineral or animal wool, bone dust, 
vegetable or animal charcoal, hair felt, absorbent cotton, and the 
like, nor can much of this: material ‘be precipitated readily by 
heat. 

What may be called the anti-lubricating substances continue 
in the oil, and comparatively little real purification is effected 
by such filtration, except when the material is quite new, and 
even an expert will find it hard to tell when the filtering medium 
is exhausted unless he applies frequent quality tests. My effort 
has been to find some material, if possible, which would be both 
certain in its results and be safe to place in the hands of inex- 
perienced operators. The solution which I have found for the 
problem is, to devise a chemical preparation which should act 
as a coagulant, a deodorizer and disinfectant, and at the same 
time facilitate precipitation. It can be used in the simplest 
kind of apparatus, which I often arrange as follows: 

A clean, empty oil barrel has its top head taken out, and 
there is substituted for it a reasonably dust-proof removable 
cover, having an overlapping flange. Through the centre of the 
cover, in an inch and a quarter hole, insert a pipe, passing down 
inside the barrel to within three inches of the bottom, and pro- 
vide at its upper end a funnel and strainer, and at the bot- 
tom a strainer 2} inches deep, 12 inches in diameter, open at 
the bottom, and with its side made of finely perforated sheet 

metal. 

The object of this peculiar construction is to provide fora 
precipitation and to break up the oil from drops into a fine 
spray, thus presenting more surface to reaction with a com- 
pound. 

About two tablespoonfuls of the filtering compound dissolved 
in a pail of tepid water is then poured into the barrel through 
the funnel, and water and compound added in above proportions, 
according to the condition and quantity of oil to be purified, 
until the solution stands nine inches high in the barrel, and the 
dirty oil is poured in and allowed to stand a few hours before 
using. A glass water-gauge and two molasses faucets enable the 
relative position and condition of the re-agent solution to be ob- 
served, and the clean oil or the precipitant can be drawn off as 
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In the reaction with most oils there is a certain quantity of bie 
gas released which agitates the oil and still further aids purifi- 
cation. The compound has no perceptible effect on absolutely _ 
pure oil other than to give it additional polish. I have usedit 
extensively AS AN OIL TEST. It readily seeks out and detects 
such adulterations as rosin, gum, paraffine, etc. 


ra Bore 


5 


J 


What information can you give as to the best method for the extraction of oil __ es 
rom condensed steam, where it is desirable to use the exhaust steam repeatedly — 
for boiler-feed purposes ? re 


Mr. John C. Kafer.—I do not know of any one subject which 
is of more importance to steamship owners than that of filtering 
oil out of exhaust steam, and preventing it from going into the 
boiler, and if there is any one in the Society who has had experi- — 
ence in successfully extracting oil or grease from exhaust steam _ 
or feed water, it would be of great importance to every one who 
uses a surface condenser on shipboard to hear how it is done. 
There are various appliances for extracting oil and grease from 
the feed water—some by floating the grease out of the condensed 
steam, others by interference, and some by filtering through 
cloths of various kinds. On some of the Sound steamers, I 7 
think they have used for many years straw or hay. That will 
extract the oil quite well. The slightest amount of grease on 
the top of the furnace of a boiler will keep the water from that 
surface, and numbers of furnaces, corrugated as well as others, 
have gone down, and all due to grease on the surface of the _ 
metal. Not only does it injure the boiler, but it interferes with — 
the efficiency of the boiler by preventing the transmission of 


1 heat. I think there are a number of gentlemen here who have 
had some experience with grease extractors, and Iwouldalsolike 
' to hear some one speak as to the effect on the condenser tubes, or 

4 if steam going into the condenser deposits this grease on the i 

a surface of the tubes and interferes with the transmission of the es ea 

‘ heat to the condensing water. 

e Mr, H. A. Bang.—Some years ago, while I was engineer for 

i one of the filter companies, we used the ordinary sand filter te 
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filtration. One of these filters was placed in one of the high- 
pressure service pumping stations of this city (New York), 
which proved so satisfactory to those in charge that they ordered 
one placed in their other station for filtering the boiler feed, to 
remove the oil from it. The filter they used, I believe, was about 
40 inches in diameter, with a bed of sand about 4 feet deep, the 
water being fed in at the top and passing out at the bottom, and, 
I believe, was worked under pressure, also using the slight trace 
of alum. A number of these filter plants for this purpose are 
working successfully throughout the country. 

Professor Hutton.—I should like to ask Mr. Kafer whether the 
oil is recoverable with a straw filter. 

Mr. Kafer.—No, sir; the oil or grease which is recovered is a 
muck, thick and unfit for use. The idea is to prevent it from 
going into the boiler. The Edmiston grease extractor, used on 
the Majestic and other transatlantic steamers, by a series of 
screens catches the grease on a cloth of various textures, and 
then they take these out and throw them away, or wash them. 
It would be impracticable to have sand on board a ship, on 
account of the large quantity of sand which would be required 
for the frequent changes necessary to be made, and the space 
occupied by a sand filter. 

Mr. H. B. Roelker.—I believe that common sponges, packed 
tight under some pressure, have been found to be the best filter- 
ing material for feed water on steamers. They take out the 
grease almost perfectly, but they have to be washed very 
. frequently. In order to keep a boiler really clean, a portion of 
them must be washed every day. I remember a set of boilers 
into which I looked immediately on being opened, before any 
washing out had been done, after they had been in constant 
service for a year and a half or two years, and I found practically 
no trace of greasein them. These boilers had cylindrical shells, 
with the furnace directly under them, and a little grease would 
quickly have shown its effect, so the chief engineer paid par- 
ticular attention to having the sponges washed every day. The 
engine had the usual surface condenser, with the usual amount 
of grease, supplied with soda, which loosened the grease and put 
it into the feed water, and still the boilers were kept clean by 
the sponges only. 

I have also seen a filter consisting of a tightly closed cast- 
iron box in which sponges were packed very tight. These 
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would during the service fill with grease so that they were all 
matted together, looking more like dirty liver or raw rubber than _ 
sponges, but still the water which had passed through them was 
almost clean. It had arather unpleasant taste, but one could __ 
drink it, and it looked practically clean. 

Mr. Charles Langlotz.—I was about to remark, the same as 
the previous speaker, that on the Atlantic liners they usesponges, 
and these are fitted with an automatic by-pass to feed around => 
the box rather than through it when they become foul. I have © 
used pulverized coke, however, with considerable success, as it — 
does not require the attention which sponges do. 

Mr. William Kent.—I would like if these gentlemen who have 
spoken about sponges would give us some idea of the size of the 
vessel in which the sponges are kept. Also, how big a sand 
filter should you have, say, for 1,000 horse-power ? ; 

Mr, Roelker.—F or 2,000 horse-power one would generally use 
two boxes about 18 inches high, 2 feet wide, and 12 feet long, _ 
with open tops. The water passes through them longitudinally. _ 
Two are used so that one may be cleared while the other is 
working. 

Mr. E. A. Darling.—I learned the other day of a filtering mate- 
rial used on some of the Sound boats which meets with consid- _ 
erable success, and that is the ordinary “excelsior” wood fibre. 
The point about it is that it absorbs the oil much better than 
does straw or hay. Its cost is little more, and it may be burned 
when foul. 

Mr. William T. Bonner.—I think there is one motto that 
would serve very well for all of the appliances suggested thus ~_— 
far, which is, that eternal vigilance is the price of safety. In — 
my experience I have found that the ammonia-alum filters are 
very nice in theory, but unless they are carefully watched, that _ 
small trace of alum soon becomes quite a large amount. This 
is due to several causes, but principally to corrosion and gradual 
enlargement of the opening through the connection between the 
chemical tank and filter. In two of three instances where we 
tried that system we found that ina very short time the feed = =—— 
pipes to the boiler were alleatenout. It could not be accounted peti ie 
for in any other way than that there must have been a surplus of eee 
alum in the feed water beyond the filter. Atother plants which 
I have in mind they attempted to filter grease from the water, __ 
but it was only a short time before the sand bed became so foul — 
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that it was given up as impracticable. There are places where 
it is possible to use pressure filters for work of that kind, but 
the impurities must first be thoroughly coagulated by the use 
of chemicals and the precipitate removed from the sand bed by 
frequent washing. In addition the filter should be opened from 
time to time, and the top of the sand bed scraped off, or else the 
sand bed should be taken out entirely, and replaced by fresh 
material. 

I have also seen straw and excelsior used. In my experience 
that has proved a very cheap and effective means of taking out 
oil, but, like everything else, it needs to be watched. It requires 
but a short time for the straw and excelsior to become coated over 
and to clog up; and unless it is thrown out and replaced, the 
oil passes through the same as before. If anything, it is worse; 
because you are not only passing the oil through, but you are 
also carrying along the rotten material, as it seems to disinte- 
grate and go through in small particles with the feed water, get- 
ting under the valve seats, clogging up passages, and causing no 
end of trouble. 

Mr. Kafer.—What was the material of the feed pipe, copper 
or iron? 

Mr. Bonner.—lt was iron. The plant which I had in mind 
was very well arranged, and received careful attention ; yet, as I 
remember, the pipes were all eaten out in something like four 
months. There they used a pressure filter with an automatic 
injection of ammonia-alum, the latter being intended to precipi- 
tate the lime in the water. The apparatus was put in by one of 
the prominent filter companies of that time, under a strong 
guarantee. It worked very well for a time, but it seemed im- 
possible to regulate automatically the supply of alum, owing to 
gradual enlargement of the openings by corrosion. Brass pipes 
have been used for connections between the chemical tank and 
the filter, and in some cases also for connecting the filter to the 
main pipe system ; but the alum would generally attack the first 
iron pipes it reached, and even in some cases corroded the brass 
pipes. 

Mr. Kafer—There is one method of preventing grease in boil- 
ers that has not been spoken of yet, and I think it is the best 
known ; that is, not to put any oil in the cylinder. (Laughter.) 
That practice has been adopted on a number of steamships with 
success. Care must be taken to have the right kind of metal in 
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- the cylinder and valve surfaces, and a softer metal in the pack- 


_is not any greater than say 212 degrees, I have used apparatus — 
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ing rings; but it‘can be arranged so that the engine will work - * 
satisfactorily and not use any oil in the cylinders at all, and that 
is the sure way of getting rid of the oil in the boilers. 

Mr. Paw H. Grimm.—The methods thus far proposed for 
eradicating this evil, or preventing it, seem all to- be in the 
interest of steamship companies and steamship boilers. Ihave — 
not heard any remedy mentioned yet for the evil as it exists in — 
land or stationary practice. 

In many of our large buildings here in the city, where exhaust 
steam is used for heating purposes, and afterwards for feeding | 
the boilers (that is, the condensation from this steam), I have 
known of considerable damage having been done by grease in 
the feed water. It is a well-known fact that in buildings where __ 
they have elevator engines, which live on oil generally, and the _ 
oil is attempted to be extracted by so-called grease extractors, 
which do almost everything but extract grease, the oil seems to 
get into the piping of the heating system, and comes back with 
the water of condensation to the boiler, with the result of filling 
up the tubes, if it is a water-tube boiler, or getting on to the 
crown or fire sheets of some other boiler; and I was in hopes | 
that some one might advance a ‘good remedy for that evil. I 
have myself come in contact with this thing to a considerable 
extent, and found that where the object is simply to recover the — 
water of condensation for the sake of the water—for the sake 
of having the soft water—and where the temperature ofthis water _ 


which perhaps others have used, though I have never heard Ss 
of its being used before. In one case I have used two 
chambers, in another case three chambers, of water, consist- _ 
ing of cylinders about 5 feet high and 30 inches in diameter | 
(Fig. 62). The water of condensation is first passed into one of __ 
these until it fills up to within six inches of the top of this cyl- — 
inder ; put in a pipe which leads to the bottom of the next cyl- 
inder; then that fills up, and from the top of that one, or near — 
the top, another pipe down to the bottom of the next one, 
being a series of three ; and my experience has been that from 
the first cylinder I could skim off oil which would be really fit 
to use again—quite a thick film of oil; and the second cylinder 
would have less, and the third one scarcely any. Thisisanappa- _ 
ratus which I have used very successfully in a Western starch — 
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works, where the object was to get the condensed. steam back 
again for the sake of the distilled water for bdiler feed, instead 
of using a lime water, and the exhaust steam was used for heat- 
ing cold water, and simply passed through a system of coils 
(see sketch). I have not heard of anything which would work 
successfully on the exhaust steam after being used in the heat- 
ing of a building; perhaps the same thing might answer the 
purpose. It might answer in a closed cylinder. 

I know that a water filter is about the best thing I have ever 
found for separating oil from water, if you give it time enough 


Tr Exhaust Inlet 


to separate ; of course there is a little heat lost by radiation, 
but the question is, whether the small amount of heat lost had 
not better be lost than to damage the boiler with grease, or to 
affect injuriously the heating surfaces. 
Mr. Kafer.—That is the system of the Wass grease extractor. 
Mr. O. C. Woolson.—The experience which I had with this 
question was in the early seventies, at which time there was being 
introduced through the West a square, homely heater, with a 
chamber at the bottom for closely packed hay, through which 
all the feed water had to pass, and as the heater worked on the 
jet condenser principle, a purifying chamber was necessary ; and 
from my experience that was a very practical heater. 
Mr. McBride.—I think the suggestion of Mr. Kafer a very 
linders. 
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Iam using the exhaust steam from 1,000 to 1,500 horse-power. 
This exhaust steam is condensed in a multiple-effect evaporator, 
and in the end of the first effect where it is condensed, I have 
never yet found a trace of oil which would soil a silk handker- 
chief. 

I have a pair of Corliss engines, 30 inches diameter, 5 feet 
stroke. They are thoroughly lubricated, but not enough of oil 
passed through them to cover the roofs of the neighboring 
houses with oil. I know of a large electric-light station in Pitts- 
burg where the ladies, in going past the power house, have to 
hoist their umbrellas to keep the oil off their bonnets. If this 
steam was condensed, there is no doubt a separator would be 
needed. 

If oil is used in cylinders (and I believe it is essential), if it is 
used in minimum quantities, just enough to lubricate, thé matter 
of separating the oil from the exhaust steam will be simplified 
very much. 

We use the water of condensation in manufacturing colors, | 
and cannot have any oil init. I think in most cases oil is used — 
in excessive quantities, far beyond any necessary amount. 

Mr. H. A. Bang.—In an office building in Wall Street where 
a sand filter is used for filtering thé return water from the steam- 
heating system, which is mainly supplied with exhaust steam, I 
believe they used it without adding any alum at all, and found 
that it worked very successfully; at least such was the case 
when I had occasion to see the filter very frequently. I think 
a box about 2 feet long and 2 feet wide and 6 feet deep, with a 
perforated plate about 6 inches from the bottom, and then 4 feet __ 
of sand over that. If allowed to filter slowly enough it would 
answer the purpose, the water being let in over the sand and 
being drawn off from the 6-inch reservoir at the bottom. 

Mr. Kent.—How much horse-power ? ~_ 

Mr. Bang.— Allowing 30 pounds or 3.6 gallons of water eurhives- sos 
power per hour, which would be 360 gallons for 100 horse-power _ 
per hour, or 6 gallons per minute. Three gallons per minute is 
the usual amount of water allowed per square foot of filtering sur- 
face, therefore a filter having two square feet of surface would 
answer the purpose; but I should prefer for my own use to 
double that surface in order to allow the water to pass through _ 
slowly enough to do away with the use of alum entirely. For 
the cases I mentioned, however, the three gallons per minute was 
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the allowance. As boilers are not always fed continuously, it 
would be best to let the water run from the filter into a tank, 
from which the boiler pumps could draw it as it was required, 
and allow the filter to work as much below its capacity as _pos- 
sible. 

Mr. John Fritz.—This seems to be something of an experience 
meeting, and I was going to give a little of my early experience, 
but I was afraid to. However, since Mr. Kafer has made the 
assertion that an engine had been running across the Atlantic 
without any oil at all, I think I may venture to give you my 
early experience. When I was a boy we had an engine about 
12 inches in diameter, as near as I can recollect, and we had a 
plug screwed in the steam-chest lid, and when we oiled the 
cylinder we took that out and put the oil in, in the morning 
when we started, and at noon there was another dose put in. 
We bought the oil by the quart, and the storekeeper ran out of 
oil one day and we could not get any, and the engine ran with- 
out it as long as I was there, and it never had any more oil in 
it. (Laughter.) 

Mr. J. G. Winship.—I know of a case like that mentioned by 
Mr. Fritz. At the old Allaire Works in this city they had an 
oscillating engine which ran about fifteen years, and they never 
had any way of getting oil in the cylinder at all. Finally, the 
cylinder wore large in the centre, and they replaced it by a new 
cylinder. When they examined the old cylinder, it was just 
like a piece of glass—the whole cylinder, the valve face and 
seat. I saw that myself. I would like to offer a suggestion 
about this filtering business: that perhaps in the matter of 
surface condensing, if they make the condensers large enough 
and pass enough water through, so that the condensed water 
would be cold, the oil would separate itself; then by the use of 
auxiliary heaters they could thoroughly heat the water up again 
to the proper temperature. I think that would be a pretty good 
idea. 

Mr. F. Meriam Wheeler.—This is an exceedingly vital topic, 
especially in view of the fact that electric light and power plants 
are multiplying so rapidly throughout the country, and, unlike 
ordinary manufacturing industries, they cannot always seek the 
best localities for a water and coal supply. 

Buyers of steam engines frequently face the problem as to 
whether they shall use the surface system of condensers or 
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not. Being directly interested in that line I am naturally very 
anxious to see a good filter produced, because many troubles 
have occurred on account of the oil in the feed water. As we 


-all know, the item of cost for a supply of feed water is a very 


important one in large towns and cities where the water is 
taken from the regular water-works supply. If I remember 
correctly, in New York city it costs for feed water about one 
dollar per year per engine horse-power; it is a small electric 
light and power plant which will not use, at the above price, 
several thousand dollars’ worth of feed water in a year; and as 
90 per cent. of that amount can be saved by the use of surface 
condensers, a satisfactory filter would really be:a great boon. 
Now the question is, How can we best get rid of the trouble of 
oil in the feed water ? 

My attention was called a few years ago to a very interesting 
paper and discussion on this subject, brought before one of the 
British engineering societies. Mr. Mudd, Mr. Rankin, and Mr. 
Edmiston, all well known in marine circles, together with 
other prominent engineers, discussed the subject pretty thor- 
oughly. My brother happened to be abroad about a year ago, 


‘and at my request investigated the different filters in use in 


England, and which were mentioned in the paper and discussion 
referred to. They seem to give this subject more attention in 
Europe than has been the case in this country. Surface con- 
densers are not as largely used here as there, and, except in 
connection with marine engines, you might say that there are 
but a few thousand in use in this country. I have found many 
builders and users of stationary engines in this country more or 
less prejudiced against surface condensers, founded on the results 
of carelessness and ignorance in handling—in other words, want 


of proper attention to the subject of filtering feed water from — 


&. 


oil. I can cite cases where the men in charge of the filter box — 7 


did not appreciate the importance of thoroughly looking after it, 
and allowed it to be neglected. They were also indifferent about 


renewing the water in the boilers every week. In short, they — 


were so accustomed to the jet system of condensers that they 
did not give the surface condenser the same care as a the marine 
engineer is in the habit of doing. 


To give the gentlemen present the result of my brother’s in- _ 


vestigations on this subject, I would say that he found the best — 3% me 


filters abroad—at least in England—are those known as the Bee 
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Rankin, the Harris, the Reeves, and the Edmiston. They are 
all based upon mechanical effect—no chemical action whatever, 
By the way, I would like to say here that there are a number of 
well-known filters in this country—-so-called quartz or sand 
filters—where they use more or less chemical treatment of the 
water. They do their work very well in eliminating oil, but the 
chemicals used are very apt to cause pitting in the boilers. It 
would therefore seem that we must rely on mechanical effect, 
which means filters where strainers especially adapted for the 
purpose are used. 

We are all familiar with the ordinary filtering box, which, if 
roomy enough, and provided with sufficient number of compart- 
ments and the proper kind of filtering material, frequently re- 
newed, gives very good results. But the average stationary 
engineer seems to begrudge the room required and the trouble 
necessary to attend properly to such a filter. There is, there- 
fore, a necessity for a compact filter, with ready means for easily 
cleaning it, and that is how the filters named came to be intro- 
duced abroad. 

Now, the Harris filter (one of those previously mentioned) is 
nothing more nor less than a combination of cylinders, in each of 
which there is a piston, and by the use of an attached hand screw 
the oil and other impurities can be compressed out of the 
sponges used, thus providing a ready means for keeping up the 
efficiency of the filter. 

The Reeves filter is somewhat of the same construction, only 
that sawdust is the filtering material. 

The Rankin filter is a very ingenious arrangement, and is 
known as the “cartridge” system. The cartridge is nothing 
more nor less than a cylinder wrapped in coarse towelling. This 
cylinder, or cartridge, is firmly held in proper position in the 
casing by means of a set-screw, adjustable by hand. This filter 
is a very simple device, and it does its work well. 

The only trouble with all the filters named, however, is the 
limit of the filtration effect. 

The system devised by Mr. Edmiston is really the most in- 
genious arrangement of all, and is in successful use to-day on & 
large number of vessels, including the British, Italian, and Rus- 
sian navies. It is also in use on the steamers of one of the 
principal transatlantic lines. Mr. Edmiston is a marine e2- 
gineer of wide experience, and he seems to have given this sub- 
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ject of feed-water filters much attention, judging from the many 
experiments he has made. His filter, in general form, is an egg- 
shaped vessel with a sludge pocket at the bottom and a scum 
chamber at the top, the filtering screens occupying a central 
position, as shown by the drawing I submit (Fig: 63). 

The operation of the filter is as follows: The water from the 
feed pump enters at the opening A, and passes through a series 
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of perforated metallic plates and diaphragms of woven filtering 
material, after which it passes out through the discharge nozzle B 
to the boiler. The by-pass pipe / and gate valves F’, /’F, and 
G are brought into use when the filtering material requires clean- 
ing or renewing, thus avoiding any interruption to the operation 
of the feed pump. The feed water passes through the first per- 
forated plate and diaphragm of coarse woven cloth, then through 
another perforated plate and similar cloth diaphragm, and finally 
through a third perforated plate and diaphragm of filtering cloth 
of finer texture than the two preceding cloths. The object of 
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the perforated plates is to prevent the bagging or rupture of the 
filtering cloth. 

These cloths are conveniently secured at the outer edges of. 
the perforated plates by metal rings. After the plates and 
filtering material are placed in position they are securely held 
in place by set-screw a, which is screwed up tightly from out- 
side by means of a wrench, thus water-tight joints are readily 
secured, so that the feed water must pass through each series 
of filtering material. The scum chamber UH, on top of the filter, 
is provided with a blow-off cock /, which is opened when the 
glass water gauge indicates an accumulation of oil. 

The soda cup X, shown at the other end of the filter, is pro- 
vided with a steam connection for the purpose of removing oil 
and dirt from the filtering diaphragms by boiling and blowing 
out of same through the blow-off cock at the lowest end of 
the sludge pocket. A pressure gauge (not shown) indicates the 
pressure in the filter, the normal pressure being from 2 to 5 
pounds above boiler pressure. When the pressure exceeds the 
amount named the by-pass connection should be opened and 
the inlet and outlet valves closed, thus allowing the feed water 
to flow to the boiler direct without going through the filter, 
while the latter is being cleaned. The whole operation is very 
simple ; and when it becomes necessary, the filtering cloths can 
readily be renewed. On a steamer in ordinary service these 
cloths would not have to be removed more than once in every 
week or two. Of course it is necessary to boil out the filter 
with soda and steam, and clean these cloths quite frequently— 
say three or four times a day. Live steam is admitted through 
the soda cock shown; by this handy arrangement you can keep 
up the efficiency of the filter—an important feature. 

Mr. Edmiston seems to have carried out this idea more 
elaborately than his competitors. I know that they have no 
trouble in eliminating practically 90 per cent. of the oil and 
impurities from the feed water. 

Mr. Oberlin Smith.—Tell us, please, what is the scale of the 
drawing, and what would be the size of the filter for an ordinary 
steamer. 

Mr. Wheeler.—The size of the filter shown is about 16 inches 
in diameter, and is ample for a 300 horse-power plant. 

The filters used on the big transatlantic steamers are arranged. 
in pairs, so that one filter can be cleaned while the other is in use. 
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- [am surprised that so little is known about the Edmiston — 
filter in this country, as there are many engineers and steam 
users who are seeking for something of this kind—ze., some- 
thing that is compact and easily taken care of. ae: 

Mr. George I. Rockwood.—This question is, perhaps, asked in 
view of the fact that an ordinary oil separator may be efficient __ 
enough in separating oil from the exhaust steam of a non-con- _ 
densing engine, when it will do no good at all on a condensing. — 
It seems to me a singular fact, not generally known, and to which 
attention ought to be directed. I have found that it will notdo 
to close the valve in the drip-pipe from a separator applied to 
@ non-condensing engine, or to even impede the free exhaust of _ 
the drip by interposing a siphon barrel between the separator _ 
and the sewer, with a view to recovering the cylinder oil for use 
the second time. If the experiment be tried it will be found _ 
that the separator will no longer act as such, but that the oil 
will pass right along with the exhaust steam in nearly its 
original quantity. 

Now, while I am not going to propound the theory that I 
have in my mind as a certain conclusion, still, it is something _ 
which I am going to try. Itis this: that the oil can only be 
separated when a good draft is maintained down the drip-pipe, __ 
whether the engine is a condensing or a non-condensing engine. _ 
Some separators do better than, others when there is no draft, 
but none of them do even moderately well if sole reliance is to 
be placed upon them for rendering the feed harmless. I am 
going to try the expedient of discharging the oil from the 
separator into a separate small surface condenser having its — 
own air pump, by which I shall expect to maintain a slightly 
better vacuum than is in the regular condenser, and it now — i 
appears to me as if I would meet with success in eliminating ars 
the oil in this manner. 

But even if the oil is not all eliminated in the steam separator, niche 
I see no reason why the condensed steam may not be absolutely ie 
cleansed of oil by passing the feed water through the filter mm 2. 
referred to by Mr. Wheeler. 

Mr. Wheeler.—Mr. Rockwood, do I understand that the oil 
was separated in each case, and the queaiinn was to draft it 
off ? 
Mr. Rockwood.—No, sir; it will not separate. ae 
Mr. Wheeler.—Then you mean to say that you do not get the 
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same quantity separated with condensing engines that you do 
with others ? 

Mr. Rockwood.—That is the statement. 

Mr. Wheeler.—That is my experience. 
years ago, and I met the same difficulty. 

Mr. Rockwood.—I recently saw a power plant in Syracuse, 
N. Y., where, although they are using surface-condensing en- 
gines, yet’ they use the water of condensation over again in 
their boilers and have been doing so for many months, with 
no disastrous effects on the fire sheets of the boilers. The 
engines are of the upright type, and they use only a mineral 
stock oil in the cylinders. The residue which comes out of the 
boilers at cleaning time consists of vegetable matter combined 
with lime salts, tri-sodium phosphate scale resolvent, and the 
cylinder oil, part of which oil has been eliminated in a filter 
before reaching the boilers. This residue is not sticky or 
adhesive, but is compressible in the hand. 

These boilers remain in first-class condition, and they declare 
that they have solved the problem of returning condensed steam 
from the engines to the boiler. 

Mr. Wheeler.—Under what pressure was that engine run- 
ning ? 

Mr. Rockwood.—One hundred and ten pounds to the square 
inch was the boiler pressure. 

Mr. Wheeler.—I know of a case in Hunter’s Point, at the De- 
voe Company’s oil works, where I was astonished to find that 
their surface condenser had been in use eight years, and that 
they have never used a filter of this kind. In this case, how- 
ever, the steam pressure was only 60 to 70 pounds, and they give 
the boilers a dose of caustic soda and some other preparation 
every day. I thought perhaps, in the case you cite, they were 
also carrying low steam pressure. As we all know, there is 
quite a difference in the matter of steam pressure, as to its 
effect on the oil in the feed water. It seems very difficult to 
extract oil when the higher pressures are carried. I agree with 
Mr. Kafer, who remarked the other evening that if we could 
only get along with less oil, it would simplify matters very 
much. Mr. Winship quoted a case of a vertical engine in use many 
years ago at the Allaire Iron Works, where no oil was used. 
Many of us know that the practice of Thornycroft (and also the 
Herreshoffs, I understand) is not to use any oil whatever in 
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their engines ; this means very careful fitting of valves, etc. It ee 
is quite true that as a rule too much oil is used in most steam 
engines, especially in the auxiliary engines. I know of one case > ; 
where the exhaust steam from the auxiliaries is allowed to go to - caer 
waste just because the use of oil is so much greater i in these 
engines than it is in the main engines. There is no doubt but _ 
what there is quite a field for improvement in the building of - ” 
engines adapted to work without oil. When this is accom- _ 
plished, the surface condenser will be more largely used thanit 
is now; but until that time comes, we must rely on the best eS on 
foed-water filters we can find. 

Mr. Rockwood.—In the case of the Syracuse boiler plant to © 
which I just referred, I am told that they experienced trouble at _ 
first, owing to the use of ordinary cylinder oils in the engines. rfl 
The oil they now use with success is a purely mineral stock oil. _ 

Mr. A. H. Raynal.—I would say in encouragement to Mr. * am 
Wheeler, in introducing filters of this kind, that they will be use- _ ae a 
ful for eliminating not only the oil, but also little particles of solid — os [aa 
matter. A few years ago, right in the city of New York, where — ee 
I had charge of some large boilers, I was much annoyed by the a 
solid matter baking on the crown sheet. The boilers could not 
be changed, and I had to get rid of this difficulty. I tried sev- 
eral filters for the feed water, and among others the Johnson > 
filter, which is probably known to you, and by interposing three 
layers of cotton flannel I succeeded very well in keeping that ES 
matter out. It is probably known to many of you that the Cro-_ 
ton water has a large amount of this solid vegetable matter i in 


with an ordinary filter. It requires a close woven fabric to filter 
it. So far as the oil is concerned, it is of course very advisable 
to use as little as possible. Itis well known tomarine engineers 
that it is one of the great advantages of the vertical engine that __ 
you can use cylinders of large dimensions with a small amount 
of oil. But in stationary engine practice, when horizontal cylin- — 
ders are employed, of say 52 or 56 inches diameter, you have to 
use large amounts of lubricants. In cotton mills this question 
of oil has often been quite a bugbear, as also has been the quan- 
tity of feed water used. 

Mr. Boyer.-I am very glad to hear Mr. Wheeler speak on 
this question. We have got 800 horse-power engines running. 
We put in a 1,000 horse-power Wheeler condenser. Then I put 
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pump our exhaust, being so low down that we could not locate 


rator in addition to the air pump. I had my men in charge of 
the engines take samples from that water every hour and put: 
them on my desk. The water was as clear as crystal to the eye. 


the oil. When we first started, I found that our men were using 


7 _ drops to one revolution, and it was under the latter circum- 
stances that these conditions were noted. We had under the 
—” a series of feed-water heating pipes, through which 


_ the water passed, located in the fire-box, and after we had 
- run about four months my fireman came to me one day and 


the pipes were bent down about 2} inches. We were running 
refrigerating machinery and could not stop. I immediately shut 
- - down three boilers, and took the pipes out and examined them. 
a _ While the inside of the shell of the boilers was clean, for there 
_ was no deposit, there was no appearance of oil in the feed-water 
pipes that had fallen down. I sent a sample of this water and 
oe it analyzed by the State chemist, and his report came back 
ne that there were traces of oil, but not enough to define its quan- 
be tity. Well, that of course made us feel quite content. But the 
oa - result was that we lost all the coils under the six boilers—had to 
Bee ie th take them out and replace them. We have since stopped using 
= Eo ise this water and have had no trouble. Now, if there is any person 
: _who knows any way by which we can save this water, 130 tons 
- daily, so that we can get it back and use it, I shall be glad to 
a ons hear from him. We are running a condensing service anywhere 
Lue _ from 25 to 26 inches of vacuum. I would say, in reference to 
the oil that went through the cylinder for lubricating, I put i in 
- @ device to collect it after it had passed through the engines, 
and I found it in such a condition that about the only thing it 


- = anid, “Those pipes under the boilers are dropping down.” 
re i fe ews examination it was found that on two sides of each boiler 


in a Cochrand separator. Weare on tide level, where we have to a 


our condenser so as to get a flow of condensing drip by gravita- e 
tion, and I put on a good pump for the exhaust lines and sepa- e 4 


There was no criticism. We ran along in that condition, should __ 
think, about three months. I had the boilers opened several 
times to watch the results for oils, using the mineral oil on the 
engines ; and right here I will deviate a bit to say how we use | 


eight drops of oil for a revolution on the engine, two 32-inch, _ 
a one 17-inch cylinder, and we reduced it down to one drop of oil _ 
in the same lubricator to eight revolutions, instead of eight — 


4 


was fit for was axle grease. 
different oils, but were unable to bring it to any value. I appre- ; < 
ciate this question of taking the oil out of the waterisof much _ 
moment to engineers at present. I should hail, for one, with, _ 
delight any device that would help us out: 
Mr. Chas. L. Newcomb.—I think it is of utmost importance that be’ 
we give some consideration to the kind of oil which we purchase. _ 
I have a small high-pressure steam plant where I inserted a 
separator after having found out that the oil which I was — ea i 
. was contaminated somewhat with animal and vegetable oils. 
fact, I think oil men are apt to palm off on us, for pure co he 
cylinder oils, mineral oils mixed with animal oils, because the = 5 
combination lubricates a little better perhaps. In fact,I believe 
you will find that a large per cent. of the oil we get has two or : 
three per cent. of animal oil combined with it. In this soak. -44 
that I am speaking of, which is a very small plant, [inserted in 
the exhaust pipe of the engine an oil separator and let it drain 
to the sewer, as Mr. Rockwood has suggested ; and while I know 


I also know that it takes out a greater part of it. - 
I ought to say, however, that there was sufficient oil constantly __ 

passing by the separator to trouble the boiler, provided it was ae 

contaminated with animal oil. I know this to be a fact, because 

in this particular boiler I discovered signs of the sheets bagging 

slightly, and I caused the oil to be tested and found that it con- 

tained about two per cent. of animal oil. We had our boiler | 
repaired, and since then—it has been two years—we have tested am 
all the cylinder oils which we use in our engine, and we - ; - 
had no difficulty with the boiler, and of course about the same _ 
per cent. has passed right along through into the boiler. Lalso _ 
know of a plant of 400 horse-power boilers which I had to - 
with the installation of, used for manufacturing purposes ; the - 
exhaust steam from a great many small engines is returned _ 
finally to a receiving pump and pumped back into the boilers. 
In the exhaust pipe of each one of these engines is inserted an 
oil separator which drains to a sewer, but the parties were = 
advised in the beginning to carefully test their cylinder oils, and _ 
they have had no trouble in four years, and I believe it was due ce a 
to the fact that they have practically pure mineral oil to be used : 

_ in the cylinders of their engines. 

Mr. Jesse M. Smith.—The remarks of the last speaker seem a 
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om from the steam boiler, but of putting oil into it. It is not an 
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be in accord with the practice in the West, not of removing oil 


uncommon practice there, for the purpose of removing seale 
from a boiler, to put in a certain quantity of ordinary black fuel 
oil. It is a very comnion practice to introduce kerosene drop by 
drop, through a sight-feed lubricator, for the purpose of remov- 
ing scale and putting the boilers in better condition. I know 
that the use of kerosene in boilers has the effect of removing 
_ seale and of putting the inner face of the shell in much better 

condition than it was before, and up to the present, after an 
experience of probably three or four years, there seems to be no 
difficulty from the use of kerosene in that way. Jt sometimes 
removes the scale about a poorly made joint so that it leaks. 
But aside frdm showing up bad workmanship in boilers there is 
no difficulty whatever. 

Mr. Raynal.—I plead guilty to the same crime of putting oil 
in our boilers now, and my neighbors do the same. 

Mr. Wheeler.—Mr. Newcomb’s remarks about the quality of 
oil bring us face to face with the main question, and we will 
always have trouble so long as owners of steam plants will not 


buy the best quality. 
oo Mr. W. A. Pearson.—I think that in using the water from 


_ surface condensers over again it is impracticable for engineers 
_ to do so unless they put a filter in between condensers and 
boilers. We have settled on a special brand of cylinder oil at 
Schenectady after testing a number of different brands, and it is 
giving very good results. All of our materials are bought after 


aoe = being tested, and frequently we get a barrel of oil which does not 


give good results. We do not test every barrel of oil which is 
_ received, and I do not believe that any concern in the country 
is doing so. If oil is to be used in boilers it should be tested, 
and I think all will agree that it should be of a very crude 
nature; purely mineral. I have found that it is impossible to 
a _ put oil in a boiler to clean it, but what it will find its way out 
a through every joint if used long enough, and have come to the 


oa yee - conclusion that it is good policy to keep the boiler as free from 


~ oil of all kinds as possible. 


aa Mr. Boyer.—I think when the members speak of using oil in 


boilers they ought to specify how they use it. Now I have had 
2 ‘” deal of experience in that, and I have had good results in run- 
ning four years on a battery of eight boilers. We have three 
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batteries ; we have nineteen boilers altogether. We only tried © 
the experiments on No. 3 battery—a battery of eight boilers. I — 
first put a large oil feeder, the same as a lubricator of an engine, _ 
which would hold a gallon and a half of kerosene oil, so thatI © 
could feed it drop by drop. Iran abouta week ortendays,and 
was feeding on an average of about two drops a minute,and the —s_—wt 
result of about ten days’ trial was that Ilost the lubricationon  __ 
my engines. I heard the engines commence to give trouble. __ 
What to do I did not know. In fact, I did not know what was 
the cause, but thought the oil was the trouble. Istoppedmy 
engines and blew out my boilers; cleaned them out thoroughly, __ 
and found that my engines lubricated properly. Westartedagain __ 
to use oil by putting a gallon in whenever we have the boiler open, — 
and as the water flows in it raises the oil on its surface and 
would deposit a little film on the side of the boilers ; the result 
is that the inside sheets of our boilers are just as clean to-day 
as when they were first used. I have never knowna joint, arivet, — 
or a seam to start; but I would not dare to feed it in drop by | 
drop. Iknowit would be disastrous. I approve highly of using 
kerosene oil for keeping boilers free from scale. It has gotto 
be used with a good deal of discretion. Itisagood servant, but 
it is a terrible master. 

Mr. Raynal.—I would like to ule Mr. Wheeler—although I 
know that the question is not directly pertinent tothe subject— _ 
whether this filter has been used for the purpose of filtering oil — 
and drawing from it the particles of metallic substances where 
the oil has been used for lubricating. It is only a couple of 
weeks ago that one of my friends in charge of a very large elec- _ 
tric plant asked me what I knew about filtering oil. Of course — 
I had to plead ignorance, and since that time I know that others 
in the same line of business have made extensive series of 
experiments in that direction and found it a very difficult sub- _ 
ject to handle. In electric light stations they use oil very pro- | 
fusely, finding it cheaper in order to be sure of no disaster from 
dry bearings. But this oil should be regained, and of course all _ 
the particles of abrasion have got to be removed; and if Mr. 
Wheeler’s filter will do that, I believe it will be a great help to a: 
all the engineers using oil. | 

Mr. Wheeler—tIn answer to this question, I consider this _ 
filter is even more valuable for extracting particles of oxides 
or other impurities held in suspension. In the discussion — 
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before the British engineering society to which I referred, one 
analysis of sediment taken from an Edmiston filter showed 
nearly 20 per cent. oxide of iron and copper, also some zine. 
The extraction of these mineral substances is very desirable for 
preventing galvanic action. As is well known, the usual method 
to prevent galvanic action is to suspend zinc in the boilers. I 
did not mention this point in the first part of my remarks, as I 
wanted to confine myself strictly to the topic as it read. For 
use on the Western rivers, where there is so much sand, silt, and 
other matter held in suspension, this filter would be quite as 
useful as it is for oil. 

Mr. Winship.—t should say that the trouble is not so much 
in getting pure oil in the boiler, as getting dirt in the boiler 
from the engine. Most all the damage I ever saw by using oil 
was from grease balls. I knew an engineer on a tug-boat who 
fed oil in the boiler by the gallon, so that the water in the gauge- 
glass was black. I supposed it was dangerous. He said no, 
that was the only way to use a boiler—to put plenty of oil in it; 
he had been doing it fora couple of years. The boiler was all 
right—never had had an explosion, never burned out any of his 
crown sheets. Take the large transatlantic ships coming over 
here ; they don’t think anything of dropping a furnace ; a furnace 
will go down and they don’t know how it is done. I understand 
that one of the crack transatlantic ships came here with a 
number of the furnaces dropped down. They do not know how 
it was done, but I think it was caused by dirt. 

Mr. Wheeler—It might be interesting to those present to 
have me read a few extracts from the record of the discussion 
referred to at the British engineers’ meeting. Reading from 
the copy I have, I note Mr. Tate mentioned that a sample of 
deposit taken after 44 days’ steaming of a certain vessel showed 
said sample contained a little over 60 per cent. of organic matter, 
while the mineral matter amounted to a little over 39 per cent. 
This organic matter consisted of 37.8 per cent. of fatty acids, 
15.3 of mineral oil, 7.6 of water, making a total of 60.7 per cent. 
The mineral matter consisted of 3.68 per cent. of silica, 32.73 
per cent. of oxide of iron, .18 per cent. of lime, .36 per cent. of 
magnesia, and 2.35 per cent. of copper, making a total of mineral 
matter of 39.3. This is quite an interesting report, showing the 

- quality and quantity of impurities extracted. 
Mr. Boyer—While it will not bear right directly upon the 
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question, there is a little experience which I have had in the last 
month which may be of interest, and, it may be, help some man 
who is not gray-headed. We have ten boilers, two batteries, 
taking water from one hot well. We have what we call a refin- 
ing tank, in which we put about 400 tierces of lard, admitting 
steam into a surrounding jacket to dry the lard. It was an old 
tank. The iron had rusted through the bottom of the tank, leav- 
ing a hole about one-quarter inch in diameter which had not been 
discovered; and the way we discovered it was by one of our 
battery boilers commencing to foam. Upon investigation I found 
out that the whole top surface of my hot well had about an inch 
and a half of lard over it. We stopped using the boilers and 
opened them. I do not think that the accident had happened 
more than 48 hours when we discovered it. Now the water in 
Cambridge is about the same as in New York, and the water in 
New York and Brooklyn is entirely different. 
have no trouble with scale, or very little, while in New York it 
is simply desperate. 
very carefully, and the analysis came back showing leachings 
from deposits of peat. 


It seemed to come into a liquid condition. From one boiler I 
took out a piece 16 inches in diameter, and 1} in thickness. 
was quite solid, about the consistency of parafline wax; as you 


water. The surface was as if it had been varnished. It showed 


performed a peculiar service ; that it had collected this peat and 
pulverized matter and formed it into a conglomerate mass. One 
of our blow-off pipes, four inches in diameter, became filled. I 


the pipe. 


It had not hardened enough to fasten itself to the 
No harm was done to the boilers. 


In Brooklyn you 


I had the New York water analyzed here 7 


pressed your thumb on it, it would break, showing deposits of 


that that lard (for it was lard), worth nine cents a pound, had | 


put pressure on the back side of the plug and blew it out of | 


Now, we have that same thing in Cam- eo 
bridge, only a little more than in New York. After this grease __ 
got into our boilers it formed great masses in the shape of balls. 


of 
5] What is the economy, if any, of damper regulation in firing with liquid or ¥ a 
gaseous fuel ? 
Mr. William Kent.—There is no economy at all in damper reg- 
18 ulation with gaseous fuel, for the reason that at the entrance all 
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_ the furnace where you introduce the gas or the liquid the 

amount of air should be definitely controlled, and at the other 

end there should be a free escape ; that is, you can control the 

amount of gas or the amount of liquid you put in under the 

boiler, and at the same time put in just enough air to give that 

the proper amount of combustion; that pressure given to the 

_ air also furnishes the draught, together with the pull of the 

_ chimney, and you should not vary the chimney draught in case 

_- you wanted to change the conditions as to the steam evaporated, 

but you should simply vary the amount of gas or fuel put in, 

a and the amount of air supplied. These should be varied by the 

_ cocks or valves at the front of the boiler, and not by the dam- 

per at the rear. 

Mr. Forrest M. Towl.—I have made a number of experiments 

_ with both gas and oil, and I do not believe there is any advan- 

tage in damper regulation with gas, if your flues and stack are 

_ properly proportioned. Sometimes it is handy to close off a 

little of your draught to regulate the fire. You can do it at 

times better than you can by closing off the air in front. I 

_ think the same thing applies to liquid fuel, but not to so great 

an extent. Your burners generally handle the amount of air, 

oil and gas, or it can be regulated by the men who are handling 

it, but it is very difficult with either to tell just what is the point 

when the proper amount of air is going into the furnace. That 

can hardly be obtained without very careful experiments. I 

_ think there would be a difference of 8 or 10 per cent. economy 
with a properly regulated air supply. 

Mr. Kent.—I would suggest that if you want to make a good 
scientific experiment it should be done with a pyrometer at the 

bridge wall. The best conditions of combustion are at the times , 
- when you obtain maximum temperature. That maximum ten- 
perature should be measured by the pyrometer. 

Mr. Towl.—I have experimented considerably with oil, and I 
do not think that the maximum economy is when you obtain 
the maximum temperature at the bridge wall. I have tested 
the temperature at the bridge wall. I think a temperature of 
about 1,500 degrees Fahr. at the bridge wall will give a better 
economy for boiler purposes than a temperature of 1,800 
degrees. 

Mr. Kent.—If that is the case, it must be because at the higher 
temperature there is some other condition introduced—a lack of 
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air or something of the kind; because all our conditions being 
equal—that is, there being no leaks and no extra radiation, it is 
theoretically necessary that the higher temperature at the bridge 
wall gives the best economy. If it does not, we must look for 
some other accidental condition introduced which makes the 


difference. 


Are there any conditions under which oil or fuel is cheaper than coal for 
generating steam at points in the Atlantic seaboard States? Ifso, what are they 
and where ? 


Mr. William Kent.—I once found a place on the Atlantic sea- 
board where it was said that oil fuel was cheaper than coal. 
That was in the works of the Standard Oil Company. I do not 
know what their oil cost them. 

Mr. Forrest M. Towl.—I would state that the Standard Oil 
Company does not use much oil fuel under boilers in this neigh- 
borhood. The use of oil for fuel is principally confined to other 
purposes where it can be used to better advantage. 

Mr. Kent.—That was several years ago. I don’t know what 
the condition is now. 

Professor Hutton.—I have an idea that Mr. William Hill, of 
Collinsville, had some experience with oil when freight on coal 
was pretty expensive. Has he any facts to give us? 

Mr. Hill.—I have no facts which would be interesting at this 
late date. Our experience with oil was for heating billets in an 
ordinary rolling mill. We put in an experimental furnace, with 
the result that we used about three times as much oil as the 
parties who built the furnace claimed that it required, and we 
did not use it permanently at all. 

The President.—I had some experience in using oil for heat- 
ing billets. The point where we are located is off the railroad, 
and we were obliged to cart the oil in barrels, which brought 
the cost up to about four cents per gallon delivered at our 
works. After experimenting with it for six months, and with 
various kinds of oil burners, we discarded it. Situated as we 
are, and handling the oil as we were obliged to do, there was 
no economy in its use. Possibly it might be economically used | 
at points where tank cars could run to the point where the oil 
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Mr. Wood.—I would like to hear from Mr. Manning, of the 
Amoskeag Works, the experience which he had with oil fuel at 
the Jefferson Mills, if he would give it. 

Mr. Charles H. Manning. —It all depends on the relative price 
of coal and oil. If the oil can be delivered cheap enough, there 
is a gain in using the oil. I have seen cases where oil was used 
in the northern New England States cheaper than coal, but as 
soon as the Standard Oil Company found it out, they put the 
price of oil up, and that would be the case every time. I think 
very likely if a man had a coal mine and an oil well on a piece 
of property where he wanted a steam plant, that he could get 
his steam cheaper from oil than he could from coal. There are 
very many reasons for oil being an excellent fuel. One of the 
principal ones is the absolute control which you have of it, and 
the even temperature which you get from it all the time. Where 
a boiler is fired with oil you can get a higher duty from that 
boiler with less strain on the boiler than you can get with a 
coal fire, because you can keep the fire at a maximum tempera- 
ture steadily day in and day out, which of course is an impossi- 
bility with coal, and the steady temperature is very much easier 
on the boiler than are the fluctuations of temperature which you 
get in agreat many furnaces. That is especially true with hori- 
zontal tubular boilers fired underneath ; and my belief is that a 
great number of explosions of boilers in wood-working establish- 
ments is due to that very fact of great fluctuations of temperature 
in the furnace. With the oil fuel you do not get any of that fluc- 
tuation ; you get a much higher evaporation, a steadier evapora- 
tion, from a given boiler, than you will with a coal fire. As to 
the advisability of using it, it is merely a question of price of 
the two commodities. 

Mr. Kingsbury.—I wish to quote something which I heard 
stated about 1888 by Dr. C. B. Dudley, chemist for the Penn- 
sylvania Railroad. He experimented at some length on the use 
of petroleum for fuel in the locomotives used by the railroad. 
He found that oil is preferable to coal on account of convenience 
in handling, convenience in using, controllability and efficiency. 
In spite of this fact they decided to continue the use of coal, 
because they found that if they adopted petroleum for fuel on all 
the locomotives on their road, they would use about one-half of 
the total output of petroleum of the United States. 
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this—an actual experiment which I made. Mill owners and 
treasurers as a general thing are not very well posted in pounds 
of water evaporated to pound of combustible ; but they do under- 
stand all matters of dollars and cents pretty thoroughly. So to 
find out the truth of the thing, I put in a small mill plant in one 
of our mills which runs independently of the main boiler plant. 
It was some four or five years ago, and I am speaking from 
recollection of the figures. The price of coal we used at that 
time was about $4.20 to $4.30 a ton, delivered in the boiler house. 
My recollection is that the oil was about three cents a gallon— 
in that neighborhood, delivered in tank cars. I made the trial 
in the summer time, when they are merely using steam for dress- 
ing and slashing purposes. It cost about $30 a week to furnish 
the steam from oil, and about $26 to furnish it from coal. I 
recollect that we decided to stick to coal. 

Mr. Carleton W. Nason.—The matter, as I understand it, is 
largely, if not simply and purely, a question of how many heat 
units can be bought for a dollar or a cent. Assuming, in order 
to give oil every possible advantage, that coal is as high as $3 per 
ton of 2,240 pounds, and assuming that with a theoretical heat- 
ing capacity of 14,000 heat units there are to be 10,000 heat 
units absorbed under a well-constructed boiler, we then have 


2,240 —— = 74,666 heat units for one cent obtained from 


coal burned. 

With oil (Lima) having a specific gravity of .792 we have 
8.355 x .792 = 6.617 pounds per gallon, and with an assumed 
retention under a similar boiler of 17,000 heat units out of a 
possible 20,000 theoretic, there will be 6.617 x 17,000 = 112,489 
heat units absorbed from each gallon. 

112,489 

Then "74,666 =1,5°,, cents as the price per gallon for which 
oil would have to be bought to compete with coal at $3 per 
ton. 

This estimate does not take into consideration any labor for 
coal stoking or removal of ashes, and as the labor of feeding oil 
is largely automatic, one man being quite able to control the 
supply for a plant of large size, it is very probable that there 
are many instances on this seaboard where there would be an 
economy in the use of oil at two cents per gallon. 

Professor Hutton.—I was interested, Mr. Chairman, in being 
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told only this week that at the Altoona shops the Pennsylvania 
Railroad is paying sixty-five cents a ton for coal. 

Mr. Kent.—I found cheaper coal than that the other day at 
Scranton, Pennsylvania, where you can get it for ten cents, thirty 
cents, thirty-five cents, anything you please. 

Mr. M. P. Wood.—The result of an experiment continued a 
number of months, some two or three years ago, in which I was 
more or less interested, may be of moment to record. It was made 
under a battery of six 100 horse-power Manning boilers at the 
Trenton Iron Works, New Jersey. They were burning buck. 
wheat anthracite slack at a cost laid down in front of the boilers 
of $1.10 to $1.30 per long ton, using forced blast, and for every 
five tons of fuel consumed removed one ton of ashes and refuse. 
The use of Lima crude oil and Point Breeze refuse distillate was 
substituted therefor. They got about 30 per cent. more steam 
from the same battery operated continuously for six days per 
week, but the economy became a thing of the past as regards the 
use of the buckwheat coal. When the same battery of boilers 
was fired under the same general conditions, using a good bitu- 
minous coal, for which they were paying $1.50 to $1.75 per long 
ton, the costs were equal with oil at two cents per gallon and 
coal at $1.65. The evaporation was alike per hour or per day, 
and the attendance not much different. The extra expense con- 
sisted in the removal of the ashes at about $2 per ton, to be added 
pro rata to the cost of the coal as a comparative cost between 
the two fuels, with a small difference in favor of the oil from the 
facility with which the fires could be controlled at the sudden 
demands for steam from the rolling mill. 

Mr. Alfred H. Raynal.—I would refer those interested to a 
paper by Col. Nabor Solyani, chief engineer of the Italian 
navy, read at the International Engineering Congress at Chicago. 

His treatment of this subject, the best I have seen, is ex- 
haustive. 

He gives an account of the experiments made in behalf of the 
Italian navy in Italy and Russia, and his final conclusions seem 
to indicate that oil is not to be considered for economy, as stated 
by a previous speaker, and worse than all, were it economical, 
and should it therefore be used extensively, the required stock 
would soon be exhausted. 

Mr. H. C. Spalding.—In view of the statement that the whole 
question resolves itself into one of relative cost, it may interest 


At 
i 
= 
> 
: 
«= 
» 
| 


TOPICAL DISCUSSIONS AND INTERCHANGE OF DATA. 321 


the Society to hear of a case recently mentioned to me by an 
engineer in Minnesota. A street-railway company in putting up 
its plant arranged entirely for burning oil, being quoted a satis- 
factory price by the Standard Oil Company, and everything 
went on very happily until one day its agent called upon them 
and stated that after a certain date the price of oil would be 
raised quite an appreciable amount. He had not been many 
minutes outside the office before they got their engineers together 
and made all the arrangements necessary for putting in a coal- 
burning plant. This becoming known, within a few days after 
that the agent again called upon them and stated that the com- 
pany had reconsidered its decision ; and they got their oil at the 
old price and for all I know are still using it. The moral in that 
case seemed to be, as the engineer stated, that it was cheaper to 


use oil when you could afford to maintain a coal-burning plant 


for exhibition purposes. 
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W. B. Porrer. 


H. A. WHEELER, 


Ture XXXIIId meeting of the American Society of Mechanical 
Engineers was convened in the city of St. Louis, Mo., on Tues- 
day, May 19, 1896. The convention room was the large parlor 
of the Southern Hotel, on Walnut Street, between Fourth and 
Broadway, and an adjoining parlor was made into a convenient 
headquarters, placed in telephonic connection with the city sys- 
tem by the courtesy of the Bell Telephone Company. 

The opening session was called to order by Col. E. D, Meier, 
chairman of the Reception Committee, with a few words of wel- 
come to the city and to the courtesies which it was to extend, to 
which the President of the Society made brief response. The 
meeting then resolved itself into an opening reception, at which 
the hosts and guests were presented to each other, and at the 
close a collation was served i in headquarters. , 
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attendance : 


Alberger, L. R., 

Barrus, Geo. H., ete 
Basford, Geo. M., 
Bauer, Chas. A., 
Bissell, G. W.., 
Blauvelt, A., 
Blood, J. B., 
Brown, Alex. T., 
Brown, Chas. S., 
Brown, W. 8., 
Bryan, Wm. H., 
Buchannan, A. W., 
Cary, A. A., 
Chamberlain, P. M., 
Cheney, W.L., 
Clements, J. B., 
Connell, Jas. A, 


Davis, W.C.,. 
Flad, Edward, 
Foster, C. H., ; 


Freeman, S. E., 
Fritz, John, President, 
Gabriel, Wm. A., 
Goss, W. F. M., 
Hagar, Edw. McKim, 
Hartness, James, 
Haskins, H. §S., 
Henning, Gus C., 
Herr, E. M., 
Hoffman, J. D., 
Holloway, J. F., 


A considerable number of St. Louis engineers and technical 
gentlemen were registered as guests of the Society during its stay, 
making with the members and their ladies a total of two hundred 


and thirty-seven. 


The first business was the report of the tellers of the Council 


-Szconp SEssIon. 


Holman, M. L., 


Hoppes, J. J., 

Hornig, J. L., 
Johnson, J. B. 


“2 Nils, 

as 

Jones, C. E., 
Keep, W. J., 


Kent, Wm., 
Kinealy,J.H., 
Kirchhoff, Chas., 
Kraus, Julius, 
Laforge, F.H., 
Laird, J.A., ‘ 
Lane,H.M., 
Low, F. R., 
Magruder, W. T., 
McGill, Chas. F., 
Malvern, L. K., 


Maury, D. H., 


Meier, E. D., ae 
Mesta, 
Miller, F. J., 

-Mirkil, T. H., Jr., 
Moore, D. G., 

Nason, C. W., 


Olshausen, G. R., 
Overpeck, O. E., 
Pantaleoni, G., 
Parks, E. H 
Paul, J. W., 


who canvassed the ballot for members. 


follows: 


; an REPORT OF THE TELLERS OF ELECTION. 


The undersigned were appointed a committee of the Council to 
act as tellers (under Rule 13) to scrutinize and count the ballots 
cast for and against the candidates proposed for membership in 


Ce 


ST. LOUIS MEETING. 
Wepnespay, May 20. 


The business session was called to order at 10 a.m 
register in headquarters showed the following members in 


Their report was as 


The 


Pell, H. S., ie 
Pond, F. H., nas 

Potis, S., Jr., 
Potter, W. B., 
Prosser, J.G., with 
Reynolds, I. H., 
Robinson, A. W., 
Rockwood, G. 
Rumely, W. N., 
Siebert, A., 
Slater, A. B., 
Slater, H. C., 
Smart, R. A., 
x 

neddon 

Stiles, N. C., 
Stone, H. B.. 
Suple, H.H., 
Thacher, Arthur, 


Waldo, L., 
Warner, W. R., 
Warner, C. M., 


Warrington, Jesse, 
Weeks, G. W., 
Wheeler, H. A., 
Whitehead, Geo. E., 
Whitham, Jay M., 
Wiley, W. H. 
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the American Society of Mechanical Engineers, and seeking elec- 


PROCEEDINGS OF THE 


tion before the XX XIIId Meeting, St. Louis, 1896. 
They have met upon the designated day, in the office of the 


Society, and have proceéded to discharge their duty. 
would certify, for formal insertion in the records of the Society, 


They 


to the election of the persons whose names appear on the ap- 
pended list, to their respective grades. 
There were 462 votes cast on the lavender ballot, of which 

‘eleven were thrown out because of informalities (the members 
voting having co to indorse the sealed envelope), 


Alta, Lucas N., 
Aslakson, Baxter 


Bagg, S. F., 


Blauvelt, Albert, 


Booth, E. H., 
Brown, Wm. C., 
Fleming, John B., 
Freeman, E., 
Gordon, H. D., 
Harding, F. W., 
Jones, Horace K., 
Kinealy, John H., 


Campbell, J., 


 Joun C. Karer, 


+ Tellers of Election, 
Hottoway, 


NO. 1 on LAVENDER BALLOT, 1896. | 


Carlton, Newcomb, 


Coster, E. L., 
Dodd, Daniel, 


Brill, George M. 
Dawes, Robert, 


Bayless, C. T., 
Cutter, G. A., 
Deck, H. S., 
Dollar, Wm. M., 
Eastment, W. H., 
Elmer, Wm., Jr., 
Glanville, J. G., 


XXXIIId Meeting, St. Louis, Mo. 


MEMBERS. 
Lange, P. A., 
Leverich, Gabriel, 
Lufkin, E. C., 
McGill, C. F., 
Nichols, O. F., 
Nourse, Franklin, 
Pell, H. S8., 
Pratt, Chas. R., 
Rasch, Peter, 
Reynolds, I. H., 
Rohrer, A. L., 
Rose, H. M., 


ASSOCIATES. 
Ely, S. B., 
Gibbs, L. T., 
Morehoase, Wm. §., 
Scott, 8. M., 


Rowley, H. W., 
Ryan, H. J., 
Sabin, A. H., 
Sargeant, Ww. D. 
Sawyer, Harry, 
Seaman, H. B., 
Smith, J. W., 
Sparrow, E. P., 
Turner, Jobn, 
Warner, C. M., 
Wood, J. L., 
Woolson, I. H. 


<i 


Thayer, Winthrop, 
Wallace, F. A., 

Weber, George A., 
Williams, Franklin. 


_ Promotion TO FuLL MEMBERSHIP. 


Hopton, Walter E., 
Merriam, H. P., 


JUNIOR MEMBERS. 


Goldsborough, W. E., 
Greene, D. J., 
Johnson, J. E., Jr., 
Johnson, R. DeO., 
Ladd, G. T., 

Lenssen, G. A., Jr., 
Mackintosh, Fred’k, 


~ 


Paul, John W., 
Waldron, Fred A. 


Messenger, W. H., 
Newton, James D., 
Rennie, Robert, 

Straw, Charles A., 
Tenney, A. B., 
Thacher, Arthur, 

Van der Willigen, T. A. 
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The President then called for the usual reports of progress from 
the Society’s committees upon professional subjects. From the 
Committee on the Consideration of a Revision of the Society 
Code for Conducting Steam Boiler Trials, the report was: 

Mr. Wm. Kent.—We can only report progress. There was one 
meeting of the committee held in New York some time ago, and 
there has been a great deal of correspondence carried on among 
the members. That correspondence is still unfinished, and at 
present we can only say the work is proceeding as rapidly as 
possible. 

On behalf of the Committee on Standard Methods of Test and 
Testing Materials, the report was as follows: 

Mr. Gus. C. Henning.—I will say on behalf of this committee 
that we are still working upon the tests which we have planned to 
settle some uncertain points which have arisen, and that the ten- 
sion tests of cast-iron have given us so much trouble that we have 
not been able to complete them. It has taken all the time of an 
expert investigator with most improved appliances and machines 
to do even a part of the work, which will indicate to you the diffi- 
culties which are to be overcome. If, as we now expect, the ex- 
perimental work is completed by next October, the committee can 
thereafter consider and summarize the results and be able to 
decide whether further work will still be necessary to reach data 
for a conclusive report. Very few realize how much labor is nec- 
essary and has to be expended, both in preparing apparatus and 
in computations of results, which must be given as the reasons 
why we have been unable to complete a report for this meeting. 
At the annual meeting in December we shall hope to bring for- 
ward some final conclusions. 

General and new business being then in order, the Society was 
invited to hold its spring convention of 1897 in the city of Nash- 
ville, Tenn., as follows: 

Prof. W. T. Magruder.—The State of Tennessee was the third 
State to be admitted into the union of States, and proposes to 
celebrate its admission to the Union by holding a Centennial 
Exposition, the inaugural ceremonies of which will be held on 
June Ist and 2d of this year. The Exposition will be opened on 
May 1, 1897, and will continue six months. Invitations from the 
Governor of the State, the Mayor and Common Council of the 
city of Nashville, and the Engineering Association of the South, 
of which I am a member, have been presented to the Council of 
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this Society, requesting this Society to meet in Nashville in 
May, 1897. Many of you were present in 1888 at the meeting 
held there, and the people of Nashville have such kindly feelings 
toward this Society, and remember with so much pleasure that 
meeting, that they are anxious that the Society should return and 
give them another chance to show them the improvements which 
they have made in the past nine years, as it will be then, and to 
offer them some more Southern hospitality. These invitations 
having been duly presented to the Society, I would move you, 
Mr. President, that this matter be referred to the Council for its 
action. 

Mr. William Kent.—Mr. Magruder having just spoken in favor 
of Nashville as the place of meeting next year, I rise to second 
the motion, and I wish to say that I have had two experiences of 
conventions in Nashville before this time—one in 1877, at the 
meeting of the American Association for the Advancement of 
Science, and one in 1888, at the meeting of this Society. On 
both these occasions we found Nashville a most pleasant place at 
which to meet. The citizens were exceedingly hospitable, the 
climate was delightful in the month of May, and we have no 
reason to go anywhere else, I think, than Nashville, when they 
give a National Exposition in that year ; so I second the motion 
to refer the matter to the Council. e 

The motion to refer the matter to the Council was carried. 

No other business of general character being presented, the 
professional papers were taken up, as follows: 

That by Mr. W. J. Keep, of Detroit, entitled “Strength of Cast 
Iron,” discussed by Messrs. Benjamin, Kent, and Henning. 

That by Mr. William Kent, of New York, entitled “The Eff- 
ciency. of a Steam Boiler; What is It?” discussed by Messrs. 
Barrus, Meier, Bryan, Rockwood, Cary, Potter, LeVan, Kinealy, 
and Blood. 

That by Mr. A. Eldridge, of Ithaca, on “Tests of a Four Cylin- 
der Triple-Expansion Engine and Boiler,” discussed by Messrs. 
Kent, Suplee, Mansfield, and Laird. 

That by Mr. R. 8S. Hale, on “ Determining Moisture in Coal,” 
discussed by Messrs. Bryan, Satie Kent, Suplee, Henning, 


Cary, and Nason. 


oe the afternoon the party were the guests of one of the street 
railway lines for conveyance to the station of the Lindell Railway 


x 
‘ 
: 
: 
> 
| 


LOUIS MEETING. 


in Forest Park, of the city, where carriages were in waiting for a a 
drive through that beautiful and artistically planned reservation. 
The party were set down at The Cottage in the park for a light 
luncheon, and after being driven to another entrance were met mY. i 
special cars for the run back to the city. 7} ww 1 eae 


— 


J. Porter, of Chicago, on “Hollow Steel Forgings.” Mr. Porter 
had taken the trouble to reduce the illustrations of his paper to 
lantern slides, which were projected upon a screen while the 
descriptive matter was being read. President John Fritz made > 


FourtH Session. THurspay, May 21, 10 a.m. am. 


as follows : 

That by Prof. W. F. M. Goss, on the “ Effect upon Diagrams — 
of Long Pipe Connections for Steam Indicators,” discussed by ie 
Mr. A. F. Hall. 

That by Mr. J. B. Hoffman, entitled a “ Hydraulic 
eter,” discussed by Messrs. Henning, Nason, and Suplee. ‘ 

That by Mr. C. W. Kettell, discussed by Professor Benjamin. 

That by Prof. R. C. Carpenter, on a “New Form of Steam 
Calorimeter,” discussed by Mr. Bryan. 

That by Mr. George R. Henderson, entitled “Spring Tables.” 
Two papers by Mr. Jay M. Whitham, on the “ Effect of Re- 
tarders in Fire Tubes of Steam Boilers,” and upon “ Experiments _ 
- with Automatic Mechanical Stokers.” The discussion was par- es 


_ ticipated in by Messrs. Baker, Barrus, Kent, Rockwood, Wallace, == 
_ Bryan, Herr, Kinealy, and Cary. BAS 
That by Mr. William H. Bryan, on “ Western River Steam- 

_ boats,” discussed by Messrs. Rockwood, Holman, Kent, and 
Holloway. iy | 


Just previous to adjournment, which took place at this «a te 
the President of the Society, acting under Article 31 of the rules, — 


— 

The only paper taken up at this session was that by Mr. H. F. ae) Da 

some explanations and additions at the end of the paper, and the an ™. 
- session then adjourned, 

The papers of the morning anc 
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which calls for the appointment of a committee to nominate offi- 
cers of the Society, made the following appointments : 


«HH. Suplee Philadelphia, Pa. 
W. F. M. Goss Lafayette, Ind. 
soe W. J. Keep Detroit, Mich. 
F. Holloway Buffalo, N. Y. 


In the afternoon the members and the guests of the Local Com- 
mittee were conveyed by the river steamer City of Vicksburg up 
the Mississippi to a point slightly above the Chain of Rocks 

Pumping Station of the City Water ‘Works; thence back for a 

visit to that station, and for a brief sail below the city and back 

_ to the landing. Luncheon was served on board, and the hosts 
had provided an excellent orchestra. 

In the evening, in the parlors of the convention hotel, a charm- 
ing reception with supper was given to the members and their 
ladies by the citizens of St. Louis, with music and dancing. 


Finat Session. Fripay, May 22, 10 a.m. 


The professional papers of the closing session were as follows: 

By R. H. Thurston, on “ Superheated Steam,” discussed by 
Mr. Rockwood. 

By Mr. L. R. Alberger, on “A Self-Cooling Condenser,” dis- 
cussed by Messrs. Emery, Kent, Meier, Bryan, and Goss. 

By Prof. F. R. Hutton, entitled “A Classification and Cata- 
logue System for an Engineering Library,” discussed by Messrs. 
Blood, Chamberlain, Suplee, and Kent. 

By Thomas E. Murray, on “A Steel Plate Fly Wheel,” dis- 
cussed by Messrs. Kent, Henning, Suplee, and Blood. 

The “Topical Discussion” and paragraphs of experience were 
then taken up until the series was exhausted which had been 
prepared for this meeting. The Secretary explained the slight 
change which had been made in the method of preparing these 
Topical Discussions for the meeting, which consisted in getting 
the proposer of the query to contribute one or two paragraphs to 
open the subject, with the view that thereby discussion might be 
more directly and pertinently brought to bear upon the question 
in hand. The first contribution gave data upon the “ Holding 
Power of Clamp Fits,” by Mr. William Sangster, and also by the 
same gentleman the paragraphs upon the “ Power Required to 
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Drive Disk Fans.” 
and Kinealy. 

The paragraphs upon the “ Effect of Fire on Machinery,” by 
Prof. W. F. M. Goss, were discussed by Messrs. Suplee, Warner, 
and Fritz. 

The discussion by Mr. John H. Cooper, on the “ Advisability 
of Locating the Condenser of a Steam Engine Close to the Cyl- 
inder or at a Distance from it,” was continued by Messrs. Rock- 
wood and Kent. 

A letter of invitation was read from Mr. Frederick M. Crunden, 


This latter was discussed by Messrs. Kent 


extending to the Society the privileges of the Public Library of e 


St. Louis, and a paper by Mr. James Dredge, of London, honor- 
ary member of the Society, concerning the early history of the 
Bessemer steel process, was read by title, in order to make its 
presentation a matter of record. 

This being the assigned time for general business, Mr. Blood 
presented the resolution to which he had referred in his discus- 
sion on the paper on an Engineering Classification, and moved 


that it be referred to the Council of this Society to appoint a _ 


committee of five to take up the matter of systematic classifica- 
tion of engineering literature and material, either as a matter of 
the American Society of Mechanical Engineers alone, or, better 
still, in conjunction with conference committees appointed by the 
societies representing other departments of engineering. This 
motion, being duly seconded by Mr. Alberger, was voted and 
carried. 


Mr. Holloway then presented the following preamble and reso- 


lutions, which were seconded by Mr. Henning and unanimously 
adopted : 


Whereas, The American Society of Mechanical Engineers, assembled in con- 
vention at St. Louis, in May, 1896, has a pleasant remembrance of a delightful 
meeting of the Society held in Montreal in 1894, and of the hospitality there 
shown by its most prominent citizens: they remember especially the courtesies 
extended to them by the Trustees and Governors of McGill University in opening 
up that famed institution for inspection, and in furnishing the commodious hall 
therein in which to hold the meeting ; 

And whereas, It has come to the knowledge of the Society that McGill Uni- 


versity has recently been further enriched by extremely liberal gifts from two of = 
its generous patrons—Mr. W. C. McDonald and Sir Donald A. Smith (both of — 


whom conferred special favors and kind attention upon the Society while in 


Montreal)—which gifts are for the further upbuilding of a splendid institution _ 


of learning in which the science and art of engineering hold an important place ; 


Therefore be it Resolved, That the congratulations of the American Society of 
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Mechanical Engineers be and are hereby tendered to McGill University upon the 
continuance of that good fortune which has so marked its history. Our appreciation 
of the generosity of the gentlemen named is largely due to the fact that by this 
and former donations they have expressed the high regard which they feel for 
engineering as a profession, and because they recognize its value as a means to 
extend the limits of civilization, to confer comforts and benefits upon all, and 
because they recognize the prominent part which it has in making of one blood 
all the nations of the earth. 


In seconding the resolutions Mr. Henning said! “ You will all 
remember the pleasant surprise that was awaiting us when we 
visited the engineering schools and laboratories of McGill Uni- 
versity, and the delightful manner in which the Society was 
received by the faculty on the occasion of our spring meeting at 
Montreal two years ago. It can but please us to hear of the 
repeated good luck which has befallen McGill University, as such 
gifts are a benefit to all engineers on this continent. Prof. H. T. 
Bovey, when in New York two weeks ago, told me that these very 
liberal gifts were to be devoted mainly to the Engineering Depart- 
ment, and as everything improving the condition of our Canadian 
confréres helps us as well, I most heartily second the motion 
just offered.” 

On motion it was agreed that this resolution be suitably 
engrossed and forwarded by the Secretary to the authorities of 
McGill University. 

The following series of resolutions of thanks were then passed 
by the Society in recognition of the courtesies which the mem- 
bers had enjoyed at the hands of the local Committee of Ar- 
rangements and those whom they had enlisted for their help. 
The resolutions were passed with enthusiasm. 


To Mr. George W. Baumhoff, General Manager Lindell Railway, the thanks 
of the Society are due for the courtesies extended on Wednesday afternoon in the 
excursion by electric railway to and from Forest Park, by means of which the 
visiting members obtained, in the most pleasant manner possible, an idea of 
the prosperity and beauty of St. Louis, the Future Great. 


Through the kindness of Capt. Robert McCulloch, General Manager of the 
Southwestern Railway, the members of our Society are given free transportation 
for the excursion planned for us this afternoon. Resolved, That the American 
Society of Mechanical Engineers manifest its appreciation of this kind hospitality 
by a vote of thanks to Captain McCulloch. 


Resolved, That the hearty thanks of this Society be rendered to the Engineer- 
ing Club of St. Louis, and especially to its honored president, Mr. G. A. Ockerson, 
for the courtesies extended through the use of its comfortable house and valuable 
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Resolved, That the thanks of the Society be given to the Cupples Real Estate 
Company and the Imperial Building Company for the invitation kindly extended 
by them to visit their unique and interesting buildings. 


Resolved, That the thanks of the Society be extended to the managers of the 
St. Louis Public Library for the privilege of the use of the library. 


Resolved, That the thanks of the Society be sent to the Bell Telephone Com- 
pany for the use of the instrument in headquarters. 


Whereas, The Broderick-Bascom Wire Rope Company have tendered the 
American Society of Mechanical Engineers cordial invitations to visit their works, 
to give the members more opportunity of studying wire-rope making, and have 
also presented each member with a handsomely mounted piece of wire rope 
to be used as a paper-weight ; 

Therefore, be it Resolved, That a vote of thanks be tendered the Broderick- 
Bascom Wire Rope Company. 


Whereas, The Christy Fire-Clay Company have tendered the American Society 
of Mechanical Engineers cordial invitations to visit their plant, and have also 
prepared a souvenir showing the fine quality, grain, and uniformity of their 
product ; 

Therefore, be it Resolved, That a vote of thanks be tendered the Christy Fire- 
Clay Company. 


Whereas, The A. S. Aloe Company have extended to the American Society of 
Mechanical Engineers a cordial invitation to visit their extensive stock of engi- 
neers’ supplies, and have furthermore presented a very useful souvenir in the 
shape of a nicely divided boxwood scale ; 

Therefore, be it Resolved, That a vote of thanks be tendered the A. 8. Aloe 
Company for their invitation and valuable souvenir. 


Resolved, That the members of the American Society of Mechanical Engineers 
in the St. Louis Convention assembled, hereby express their sense of obligation 
to the St. Louis Brewing Association and to the Anheuser-Busch Brewing Com- 
pany for the kind and freely given invitations to visit their famous and well- 
appointed breweries ; and 

Resolved, That a copy of these resolutions be sent to the St. Louis Brewing 
Association and to the Anheuser-Busch Brewing Company. 


The visiting members of the American Society of Mechanical Engineers 
desire to pay a tribute of thanks to the members of the Local Committee, the 
Reception Committee, and to the chairmen of the sub-committees for the effect- 
ive and graceful manner in which they have performed their various duties, and 
to express their pleasure at the cordiality which has marked their efforts in our 
behalf, St. Louis will be remembered with gratitude, and should any of our 
hosts honor us by a visit to the East we will give them a welcome which may 
lack the warmth as to temperature of the St. Louis welcome, but will not be 
lacking in fervor and hearty welcome to those who have done so much, and so 
successfully, to add to our pleasure and comfort. 

The mover of this final resolution would seek on behalf of the visiting ladies 


to convey to the ladies of St. Louis the hearty thanks which the former are not = 
present to offer for themselves, for the assiduity which their hostesses have rar: 


shown in attending upon them during their pleasant stay in this city, and would — 
ask that the relatives and friends of the St. Louis ladies will make themselves 
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the channel through which this expression of thanks may reach those for whom 
it is intended. 


The Council of the Society at its meeting previous to the Con- 
vention had taken the following action, in the form of a memorial 
to the Federal Congress, praying that their influence might be 
brought to bear in favor of legislation to secure for the engineers 
of the navy a recognition and standing more nearly commen. 
surate with their importance and responsibility in modern war 
ships. 

April 11, 1896. 
_ To SenaTOR SQUIRE, OF WASHINGTON, AND TO Hon. FRANCIS WILSON, OF 
YORK, AND TO THE CHAIRMAN OF COMMITTEE ON NAVAL AFFAIRS: 


ss -Dear Sirs: The American Society of Mechanical Engineers has 2 membership 
of about eighteen hundred, embracing a large number of the most eminent engi- 
neers of the country, many of whom were in the naval service during the late 
war. 

Its governing body, or Council, has had its attention called to bills now before 
Congress, known as the Wilson-Squire bills, which have for their object and aim 
a reconstruction of the rules and regulations which govern the corps of engineers 
in the United States Navy. As American engineers we are deeply interested in 
the development of our new navy, and are especially desirous that in its person- 
nel it shall be the peer of any afloat, as it is in design, construction, and equip- 
ment. Witha view of contributing to the passage of the bill referred to, to the 
extent of their influence, the following action was had at a meeting held in this 
city, April 8, 1896: 

Whereas, It is apparent that rules and regulations formulated years ago, when 
the steam engine on naval vessels was but an auxiliary to sails, are not only 
unsuited to present conditions (from which sails and sailors as such have utterly 
passed away, while the steam engine with enormously increased capacity has 
become the sole motive power), but are in their operation positively injurious and 
detrimental to the highest efficiency and usefulness of the navy ; 

Therefore, be it Resolwed, That the Council of the American Society of 
Mechanical Engineers heartily endorse any action which may be taken in Con- 
gress or elsewhere which, on the lines laid down in what are known as the Wilson- 
Squire bills, has for its aim the remodelling and readjustment of the rules and 
regulations which govern the duties and establish the status of the naval engi- 
neer, to the end that they may more nearly accord with the increased skill 
required of him, and the increased care and responsibility now resting upon him. 

On behalf of the Council, 
President. 


The interest of the individual members of the Society in the 
matter had been solicited by a circular whose purport is as follows 


To the Members of the American Society of Mechanical Engineers : 


While it is not the province and certainly not the wish of the Council to in- 
fluence members in matters not directly connected with the welfare of the Society, 
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Senate No. 785, House of Representatives No. 3618. These have for their object | 
and aim a revision of the rules and regulations of the navy as they effect the 
authority and status of the engineers : first, by an increase of the number of the 
corps, which shall be in proportion to the increase of naval vessels ; second, the 
admission of graduates from civilian engineering schools to the corps ; third, the | i. 
establishment of an engineering experimental station ; and finally, the transfer ne 
to the Engineer Corps of certain engineering duties now in other hands. i 
As is doubtless known to you, there have been no important changes in these 
rules as they relate to engineers since the time when steam was introduced into 
the navy as a mere auxiliary or an aid tothe sail. It is scarcely necessary to 
remind members of our profession of the great difference which exists between : 
the naval vessels of to-day as compared with those of the time referred to, nor Bes 


¥ 


who are in charge of the immense and sinaieed machines which fill ‘ian 
have been enlarged, increased, and inteusified. 

It would be unpatriotic and unwise for any one to foster or encourage differ- 
ences among naval officers which simply referto precedence and rank, irrespect- ace 
ive of responsibilities. It is, however, in the opinion of your Council, not only 
proper but the duty of every one, and especially so of the engineers of our coun- a i 
try, by all proper means to bring their individual influence to bear upon = ; 
whose province it is to make the laws of the land, urging them so to amend the — 
rules and regulations of the navy that they shall conform to existing conditions, 
and shall accord to the Engineer Corps a rank and a position which will corre- — 
spond with the responsibilities now resting upon them, due to the great — . 
which have taken place in the construction and equipment of our new navy 
Should the matter thus briefly referred to commend itself to your good judgment, a > 


n you can greatly aid in bringing about this desired ‘result by at once addressing a 
y letter to the senator from your state, and the representative from your district, 
y requesting their aid in passing the bills above refered to. In so doing you will 
] not only confer a benefit upon our brother engineers in the navy, but you will 
d contribute in-bringing the profession of engineering into greater prominence the — a 
world over. 
of As this bill is likely to be called up at any time, prompt action only will be « ‘ 
n- of service. 
» On behalf of the Council, 
F, R. Hurron, Secretary. JoHN Fritz, President. 
“ In connection with this action the following remarks were 
made: 
Col. E. D. Meier.—I want to call attention to the foregoing—a 
matter on which the Council took action in New York about three 
or four weeks ago. It refers to the status of the naval engineer, 
- and the bill known as the Squire bill now pending in the Senate ; 
a it is called the Wilson-Squire bill. There is nothing I could say 
in so short a time, because if I were to commence to explain ee 
bi'l and the evils which it intends to correct I would have tokeep _ 
in- 


you here unduly. But through the courtesy of one of my friends 


it has been deemed proper and wise to call your attention a ms a 
ills now he 
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in Washington I have received a number of copies of the litera- 
ture on the subject, the bill itself, and discussions by certain prom- 
inent engineers. I have laid those copies out in. the anteroom 
where any member may get them. I trust you will avail your- 
selves of them, and after reading them will do what you think is 
right in the matter, in the way of writing to those representatives 
in Congress who have something to say in the matter, so as to 
urge them to pass the bill. I think that your unanimous con- 
clusion will be that that bill should be passed. Sometimes effects 
grow up from small causes entirely different from what had been 
intended ; so that I will not lay the status of the naval engineer 
to-day to any particular cause, but the effect is there all the same, 
and that effect may be summed up in very few words by saying 
that the legal status of the engineer in the navy to-day is an 
insult to the profession. (Applause.) 

Mr. J. F. Holloway.—I desire to add only a few words to what 
Colonel Meier has so well said. As stated by him, this is a 
matter which cannot be fully discussed in the limited time now at 
our disposal. There is, however, something which every member 
of this Society can do, which will be far more effective than sim- 
ply talking, and that is, he should as far as possible inform him- 
self in regard to the rank and position which his brother engineers 
now have in the navy of the United States. Upon investigation, 
it will be found that naval engineers hold to-day the same position 
as to rank and authority while in charge of these magnificent 
battle ships, of which we are all so proud, as they did in those 
early days when a little bit of a screw propeller was first put in 
the hull of a brig or schooner, thus transforming it into a “ man- 
of-war.” We all know that the modern naval vessel is a mechan- 
ical fighting machine from stem to stern post; that it is filled 
with the most powerful, costly, and intricate mechanism that 
can anywhere be found within the same space; and if there is 
any place in the wide world where an engineer is anything of a 
fellow it is on board of a modern battle ship; and if there is any 
position which requires the highest mechanical skill, the greatest 
courage, and the best executive ability it is the position held 
by the engineer-in-chief of such a complicated machine as is a 
modern man-of-war, and it is a slight upon the profession of 
engineering, and a disgrace to our country, that the men who 
have charge of and are responsible for this mass of fighting 
mechanism do not have a more important position and a higher . 
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rank than is now accorded them by rules and regulations formu- 
lated years and years ago, and long before such war vessels as we 
now have were even dreamed of. It is a lamentable fact that 
many of our ablest naval engineers are dropping out of the service, 
simply for the reason that they are overworked ; their minds are 
overtaxed by the numerous duties they are personally obliged to 
perform, for want of proper assistance, and their health shattered = 
by the close and crowded quarters which they are obliged to | a ; 
occupy. Now, the thing which each one of us can and ought to : 
do, is to address a personal letter to our member of Congress and © 
ask him to do what he can to bring about a reform in this matter, 
and to solicit his influence in aiding the passage of the bills now 
before the House of Representatives and the Senate, which have 
for their end a proper recognition of the services of the men who — 
now, as engineers, hold the most important place on board the 
steam naval vessels of our country, and upon whose skill, health, 
and courage must depend their success should they ever be called 
upon to do that for which they were built—namely, fight. ; 
Colonel Meier.—I would like to add just one word to the © 
remarks of my friend Mr. Holloway, and that is, that the en- — 
gineers of the navy are placed in a peculiar position, in this, that _ 
they may not avail themselves of the right of petition, which 
every one of us has. They cannot write to their Representatives. _ 
The discipline of the navy forbids that. They have even gotto = 
be very careful of what they write in their discussions at the = 
Naval War College in Newport. There was one very able paper, 
which has since been published in the discussions of the Naval Bi). 
College, which came very near bringing a court-martial about the _ a tae 
ears of the man who wrote it. So you see they are in an entirely va a 
defenceless position so far as that is concerned, and we must __ 
stand for them and write these letters, as they cannot do it for =” 
themselves. 


After a few words of recognition from the President for all — 
which had made the meeting a success, the session was pro- 
nounced adjourned. 

The next meeting was to be expected in New York city, prob- 
ably in the first week of December. 


The afternoon was devoted to excursion by street railway and = ee: 
on foot to Cupples Station, to the Anheuser-Busch Breweries, and : 
to certain individual points of interest by subdivided parties. —__ 
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SPRING TABLES. 


BY G. R. HENDERSON, ROANOKE, VA. 
(Member of the Society.) 


At the New York meeting of this Society in December, 1894, 
the author read a paper on “ A Graphical Method of Designing 
Springs,” + in which were described and illustrated various 
charts constructed upon logarithmic cross-section paper, by 
means of which the various properties of a helical or elliptical 
spring could be determined by following the proper lines to 
their corresponding intersections. In the discussion which fol- 
lowed one of the participants remarked that engineers generally 
preferred to use tables when designing, instead of working from 
formule. 

It occurred to the author that tables might be constructed 
from these diagrams which would be still more useful, though 
perhaps more cumbersome, and he therefore prepared the fol- 
lowing tabulated data, using the formule given in the previous 
paper, and checking the results by the diagrams. The author 
admits that since he has compiled the tables he uses them in 
preference to the diagrams. (For the derivation of the formule 
the former paper should be consulted.) 


The following tables are intended to give the “maximum 
static load,” and the deflection under this load for all practical 
varieties of elliptic and semi-elliptic springs. The maximum 
static load in these tables induces a fibre strain of 80,000 pounds 
per square inch in the leaves, and the oscillations may run this 
up to 100,000 pounds, which may also be taken as the test load, 
or “test load = 1} maximum static load.” 


* Presented at the St. Louis meeting (May, 1896) of the American Society of 
‘Mechanical Engineers, and forming part of Volume XVII. of the Zransactions, 
+ Transactions A. 8S. M. E., vol. xvi., p. 92, No. 613. 
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In these springs the leaves are supposed to be regularly 
shortened in the case of full elliptic, and in the half elliptic to 
have one-quarter of the whole number of leaves extend to end — 
of spring. In case all the leaves are full length, or the spring 
is the same section throughout, the load will not be affected, 
but the deflection will be: 

For full elliptics, $ the amounts in column marked “ full.” 
For half elliptics, 4 the amounts in column marked “ full.” 

The static load for any total width of spring can be found by ~ 
simple addition, using the values found under the nine digits; 
thus the load on a spring of 3-inch thick steel 30 inches long — 

and 28 inches total width = 


Value under 2 


‘The abeiite formule were used in computing the tables : 
P = Maximum static load in pounds. 
S = Corresponding fibre gtrain in leaves, taken at 80,000 
pounds. 
n = Number of leaves (in full elliptic, half the total leaves). ie sh 
b = Width of leaves in inches. as 
Thickness of leaves in inches. 

L = Span (or length) of spring in inches when loaded. 4 S 
f = Deflection of spring under load P in inches. 

E = Modulus of elasticity, taken at 30,000,000. 


2 Snbh? 533383 
= and reducing, P = 


SPE 
1 For half elliptic, 7 = 16 Enbh and reducing, f = .000611 7 

= 12 PL’ ‘ 
For full elliptic, f= 16 Enph and reducing, = .00133 
i, 
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BY G. R. HENDERSON, ROANOKE, vA. eh 


_ Ar the New York meeting of this Society in December, 1894, 
the author read a paper on “A Graphical Method of Designing 
Springs,” + in which were described and illustrated various 
charts constructed upon logarithmic cross-section paper, by 
means of which the various properties of a helical or elliptical 
spring could be determined by following the proper lines to 
their corresponding intersections. In the discussion which fol- 
lowed one of the participants remarked that engineers generally 
preferred to use tables when designing, instead of working from 
formule. 

It occurred to the author that tables might be constructed 
from these diagrams which would be still more useful, though 
perhaps more cumbersome, and he therefore prepared the fol- 
lowing tabulated data, using the formule given in the previous 
paper, and checking the results by the diagrams. The author 
admits that since he has compiled the tables he uses them in 
preference to the diagrams. (For the derivation of the formule 
the former paper should be consulted.) 


se. The tltoniing tables are intended to give the “maximum 
; static load,” and the deflection under this load for all practical 
varieties of elliptic and semi-elliptic springs. The maximum 
static load in these tables induces a fibre strain of 80,000 pounds 
per square inch in the leaves, and the oscillations may run this 
up to 100,000 pounds, which may also be taken as the test load, 
or “test load = 1} maximum static load.” 


* Presented at the St. Louis meeting (May, 1896) of the American Society of 
Mechanical Engineers, and forming part of Volume XVII. of the Zransactions. 
Transactions A. 8. M. E., vol. xvi., p. 92, No. 
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SPRING 1 TABLES. 


In these springs the leaves are supposed to be wot Be cm 

shortened in the case of full elliptic, and in the half ellipticto __ 
have one-quarter of the whole number of leaves extend to end 
of spring. In case all the leaves are full length, or the spring 
is the same section throughout, the load will not be affected, 
but the deflection will be : 
_ For full elliptics, } the amounts in column marked “ full.” 

_ For half elliptics, 4 the amounts in column marked “ full.” : 
The static load for any total width of spring can be found <A 

simple addition, using the values found under the nine digits; 

thus the load on a spring of 32-inch thick steel 30 inches — 
and 28 inches total width = 


Value under 2 (multiplied by 10)............. 


The following formule were used in computing the tables: 
P = Maximum static load in pounds. vate 
S = Corresponding fibre strain in leaves, taken at — 

pounds. 

n = Number of leaves (in full elliptic, half the total leaves). 
b = Width of leaves in inches. 
h = Thickness of leaves in inches. ole: Be 
L = Span (or length) of spring in inches when loaded. | 
f = Deflection of | spring under load P in inches. 
E = Modulus of elasticity, taken at 30,000,000. 


Then: 


5.56 PL’ hy 
For half elliptic, 7 = 16 and reducing, = .000611 


For full elliptic, f = ear and reducing, f = .00133 — 
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THICKNESS OF STEEL, INCH. 


f VALUES OF P FOR VARYING VALUES OF nb. 


Half. | Full. 


278.0 | 347.9 | 416.0 | 486.0 555.0 
208.0 | 260.0 | 312.0 | 364.0 | 416.0 
| 167.0 | 209.0 | 250.0 | 292.0 | 384.0 
139.0 | 174.0 | 208.0 | 243.0 | 278.0 
119.0 | 149.0 | 179.0 | 209.0 | 238.0 
104.0 | 180.0 | 156.0 | 182.0 | 208.0 


© 


94.5 | 113.0 | 182.0 | 151.0 
| 104.0 | 122.0) 139.0 
80.0! 96.0| 112.0 128.0 
74.5, 89.4| 104.0 119.0 
69.5! 88.4! 97:3/ 111.0 
65.0) 78.0) 91.0 104.0 
61.0) 73.2} 85.4 97.6 
58.0! 69.6) 81.2) 92.8 


PHICKNESS OF STEEL, INcH 


St VALUES OF P FOR VARYING VALUES OF nb. 


Half. | Full. 


P 
= 3 | .09| .19 189.0 | 208. 625 
aan 4| .16| .84 104.0 | 156. 468 
5 | .25| .58 83.4 | 125. 375 
6 | .77 69.4 | 104. 312 
59.6 | 89.4 268 
8 | M63 1.36 52.0| 78.0 234 
9 | M80 1.73 | 46.2 69.3) 92.4/116.0| 139.0) 162.0 185.0| 208 
10 | 98 2.13 | 41.6) 62.4| 88.2) 104.0| 125.0) 146.0|166.0| 187 
11 | [19 | 2.58 | 37.8| 56.7| 75.6 170 
12 | [42 | 3.07 34.8) 52.2) 69.6 157 
13 | | 3.60 32.0) 48.0) 64.0 144 
14 | | 4.17 29.8) 44.7) 59 134 
15 | 4.79 27.8| 41.7) 125 
16 | M52 | 5.45 26.0) 39.0, 52 117 
17 83 | 6.16 24.4| 36.6, 48 110 
18 | 6.90 23.2) 84.8) 46 104 
8 9 
5 | .12| .27| 167.0) 384.0) 501 | 668 | 835 1,002 1,169 1.836 1,508 
6 | .18 417 | 556 | 695 884 ‘973 1,112 1,251 
| | 119.0/238.0| 357 | 476 | 595 | 714 | 883 | 952 1,071 
8 | .81 | 104.0| 208.0) 312 | 416 | 520 | 624 | 728 882 936 
40 | 92.5] 185.0] 278 | 370 | 468 | 555 648 740 | 838 
10 | .49 83.3/167.0| 250 | 417 583 666 | 750 
11 | .59 75.8| 152.0| 227 | 308) 879 455 531 606 | 682 
12 | 69.5|139.0| 209 | 278 | 348) 417 | 487 556 626 
13 | 64.2/128.0| 193 | 257 | 321 | 385 449 514 578 
14 | 59.6/119.0| 179 | 288 | 208) 358) 417 477 536 
15 |1.10 55.6\111.0| 167 | 222) 278 | 334 | 389 445 | 500 
16 |1.25 52.2/104.0| 157 | 209) 261 313) 365 470 
17 |1.41 49.1/ 98.2) 147 | 196 | 246 295 | 344 | 393 | 442 
18 46.4] 92.8] 139 | 186 | 282 | 278 | 325 371 | 418 
19 43.9| 87.8) i182 | 176 220) 263 | 307!) 351 | 395 
20 |1.96 41.6) 83.2) 125 | 166 | 208 291 374 
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THICKNESS OF STEEL, INCH. 


| Half. Full. 


St | VALUES OF P FOR VARYING VALUES OF nb. 
| 


| 1,404 | 1,638 
1,128 | 1,316 
936 | 1,092 
804 | 9: 


Co Co 


BESS 


OF STEEL, } INcH. 


VALUEs OF P FoR VARYING VALUES OF nb. 


| 
a 
284 02 | 936 | 1, 
10 | .83|  . 188.0 564| 940 
.83 117.0) 0| 351 468 585 702, 819 | 9386/1058 
‘811.6 108.0 /216.0| 324 482 | 540/| 658 756 | 
1.380 93.7/ 187.0} 281 | 375 | 469) 562) 656 
9211.88 85.2|170.0| 256 | 341 | 496| 511| 596| 682) 767 
3.2/156.0| 285 | 318 | 801 | 469 | 547| 626) 704 
96 2.20 2.1) 144.0] 216 288| 361| 438 | 505| 577| 649 
88 | 2.55 67.0| 134.0] 201 | 268| 335 | 402 | 536 608 
| 2.98 62.5|125.0| 188 | 250] 313 | 875 | 436| 500) 568 
| 8.88 58.6/ 117.0} 176 | 284| 203| 852 410| 469) 527 
8.77 55.2/110.0| 166 | 221 | 276 | 331 | 386 | 442| 407 | 
| 4.22] 9.28) 52.1/ 104.0] 208 | 261 | 365| 417| 469 
| 4,70 '10.30 49.8 | 98.6 | 148 | 197 296 | 345| 804/ 444 
| | Half. | Full. 1 | 2 | 8 | 9 4 
12 | .35 | .77 | 278 | 556 | 884 | 1,112 1,946 | 2,224 | 2.502 
14. .48 | 1.04 | 288 | 476 | 714 | 952 1,190 | 1,428 1,666 | 1,904 | 2143 
16 | .63 | 1.36 | 209 | 418 | 627 | 836. 1,045 | 1,264 | 1,463) 1,672) 1,881 
18 | .79 | 1.72 | 185 | 370 | 555 | 740) 925 | 1,110 | 1,295 | 1,480 | 1,665 
20 | .98 | 213 | 167 | 384 | 501 | 668, 835 1,002 | 1,169) 1,386 1,508 
2 1.19 152 | 304 | 456 | 608 760) 1,064 1,216) 1,368 
24 | 1.41 139 | 278 | 417 | 556) 695| 8834 973 | 1.112 | 
26 | 1.66 128 | 256 | 384 512; 640| 768, 896/1,024| 1,152 
28 | 1.92 119 | 288 | 367| 476) 595) 714, 888) 1,071 
30 | 220 111 | 222 | 388) 444) 555) 666) 777) 888) 999 
32 | 2.50 104 | 208 | 812 | 416; 624| 728| 832) 936 4 
34 | 2.88 98 | 196 | 294| 392) 490; 588, 784 

86 | 3.18 98 | 186 | 279 | 465) 558| 651) 887 
88 | 3.53 | [70 | 88 | 176 | 264| 352 440) 528, 616; 704; 792 
40 8.91 | 51 | 83 | 166 | 249) 382) 415| 498| 664| 747 
42 | 4.32 | | 79 | 158 | 287; 816! 395| 474) 558) 682) 711 
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THICKNESS OF STEEL, 7; INCH. 


VALUES OF P FOR VARYING VALUES OF 7b. 


2,275 | 2,600 
2,080 | 2,320 
1,820 | 2,080 
1,645 | 1,880 | 2 
1,519 | 1,736 
1,400 | 1,600 
1,302 | 1,488 
1,211 | 1,884 
1,141 | 1,304 
1,071 | 1,224 
1,008 | 1,152 
959 1,096 
910 | 1,040 
868 992 
826 944 
791 | 904 


=e 


qo. 


S wore 


VALUES OF P FOR VARYING VALUES OF nb. 


s | 4 7 | 8 


625 | 3,000 3,875 
387 | 2,728 3.069 
184 | 2,496 2,808 
016 | 2.804 2,592 
1,876 2,144 2,412 
1,750 2,000 2,250 
1,638 | 1,872 
1,540 | 1,760 
1,456 1,664 
1,379 1,576 
1,312 1,500 
1,246 1,424 
1,193 | 1,364 
45 | 7. 1,141 | 1,304 
3.75 | 8.16 | , 936 | 1,092 | 1,248 
4.07 | 8.87 | 750 | 900 | 1,050 1/200 | 


1,125 | 1,500 | 
1,023 | 1,364 | 
936 | 1,248 
864 | 1,152 
804 1,072 

1,000 | 


2 
2 
2 
2 
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Dou 
to 


WD 


| 
16 | .50 325 | 650 | 975 | 1,300 | ue 925 
18 .63 290 | 580 | 870 | 1,160 | 1,450 | 1,740 610 
20 | .78 260 | 520 | 780 | 1,040 1,300 | 1,560 340 
22 | 95 235 470 | 705 940 | 1,175 | 1,410 "115 
a 24 | 1.18 217 | 434 | 651 | 868 | 1,085 | 1,302 958 
“ae 26 | 1.82 200 | 400 600 | 800 | 1,000 | 1,200 ,800 
28 + 1.53 186 | 872 558 | 744 930 | 11116 | 674 
80 | 1.76 173 | 846 | 519 | 692) 865 | 1,038 557 
82 | 2.00 163 | 326 489 | 652) 978 
84 | 2.26 158 | 306 | 459 | 765) 918 377 
86 | 2.53 144 | 288 | 432 | 576; 720| 864 
88 | 2.82 187 | 274 | 411 | 548 822 283 
40 | 3.13 130 | 260 | 890 | 520 650| 780 ,170 
42 | 3.45 124 | 248 | 872 | 496) 620; 744 116 
44 | 3.78 118 | 236 | 354 | 472, 708 ,062 
46 413 118 | 226 339 452| 565| 678 
| f | 
| 
20 
22 
: 24 
26 
866 
30 
82 
86 
40 
42 
44 
: 46 
48 
50 | 


SPRING TABLES. 


ft. 


THICKNESS OF STEEL, 4; INCH. 


VaLuEs OF P FOR VARYING VALUES OF nb. 


~ 
‘ 


2,982 
2,751 
2,555 
2,387 
2,283 | : 
2,107 | 
1,988 | 


1,785 
1,701 
1,624 
1,554 
1,491 
1,428 | 1,632 
1,379 | 1,576 
1,328 | 1,512 
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THICKNESS OF STEEL, } INCH. 


VALUES OF P FOR VARYING VALUES OF nb. 
4 | 5 | | 


1,382 | 1,776 8,108 | 8, 
1,248 | 1,664 
1,176 | 1,568 


| 1,488 


Full. | 2 | 3 


| 
| 


1,400 
1,332 
| 1,268 
1,212 
1,160 
1,108 
1,064 
1,024 
988 
952 
920 
838 
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The following tables are intended to give the “solid load” 
and the ratio of “free height” to “solid height” for all practi- — 


cal varieties of helical springs. Springs designed by these — ie 


Half. | Full. 1 | 2 3 4 5 6 | 8 9 j a 
ce on | | 1.76 | 426 | 852 | 1,278 | 1,704 | 2,130 | 2,556 408 oe oo. 
i 2 2.06 | 893 | 786 | 1,179 | 1,572 | 1,965 | 2,358 144 a i 
38 | 865 | 730 1,095 | 1,460 | 1,825 | 2,190 ,920 
2.74 | 841 | 682 | 1,028 | 1,364 | 1,705 | 2,046 ,728 
= 3.12 | 319 | 688 | 957 | 1,276 | 1,595 | 1,914 ,552 | : = 
ae. 3.52 | 301 | 602 | 903 | 1,204 | 1,505 | 1,806 ,408 on a. 
3.95 | 284 | 568 | 852 | 1,136 | 1,420 | 1,704 272 
=: 4.40 | 269 | 538 807 | 1,07 1,345 | 1,614 | 1 
4.88 | 255 | 510 | 765 | 1,020 | 1,275 | 1,530 
5.87 | 248 | 486 | 729) 972 | 1,215 | 1,458 
5.90 | 282 | 464 | 696 928 | 1,160 | 1,392 
6.45 | 222 | 444 | 666) 888 | 1,110 | 1,332 
7.00 | 218 | 426 | 852 | 1,065 | 1,278 
7.60 | 204 | 408 | 612| 816 | 1,020 | 1,224 
8.25 | 197 | 394 | 591| 788| 985 | 1,182 
8.90 | 189 | 878 | 567| 756| 945 | 1,134 
| Halt, 9 4 4 
380 | 444 | 3838 3,996 a 
34 392 | 784 136 | 3,528 So, a 
| 38 350 | 700 | 1,050 ,750 | 2,100 | 2,450 | 2,800 | 3,150 cts 
| 40 333 | 666 | 999 665 | 1,998 2,381 | 2,664 | 2,997 a. 4 
49 317 | 634 | 951 |,585 | 1,902 | 2,219 | 2,586 | 2,858 
44 303 | 606 | 909 515 | 1,818 | 2,121 | 2,424 | 2,727 
‘ 46 290 | 580 | 870 1,450 1,740 | 2,080 2,320 | 2,610 
‘ 48 277 | 554 | 831 1,885 | 1,662 | 1,939 | 2,216 | 2,498 = 
4 50 266 | 582 | 798 |,830 | 1,596 | 1,862 | 2,128 | 2,394 es = 
52 256 | 512 | 768 |,280 | 1,536 | 1,792 | 2,048 | 2,304 
54 247 | 494 | 741 1.285 | 1,482 | 1,729 1,976 | 2,028 
3 56 238 | 476 | 714 1,190 | 1,428 | 1,666 1,904| 2142 
7 58 230 | 460 | 690 1,150 | 1,380 | 1,610 | 1,840 | 2,070 “ie os =a. 
3 60 222 | 444 | 666 1,110 | 1,882 | 1,554/1,776/ 1,998 = 
| 3 
7 


SPRING TABLES. 


tables will come solid at a fibre strain of 80,000 pounds per 
square inch (torsional) in the bar, equivalent to 100,000 pounds 
direct strain. (In practice the solid load will generally be from 
5 to 15 per cent. greater than the stated values, which are 
deduced theoretically, and are based on a maximum strain of 
80,000 pounds.) The most generally preferred ratio for size is: 
D = 5d where D = outside diameter of coil. 

The free height for any solid height can be found by simple 
addition, using the values under the nine digits; thus free 
height of spring of }}-inch steel, 4 inches outside diameter and 
12 inches high, solid, = 


Value under 1 (point moved to right).. 


Free height 


It is customary to make the static load about one-half the 
solid load. 


_ The following formule were used in constructing the tables : 


P = Load when spring is down solid, in pounds. 
S = Maximum shearing fibre strain in bar, taken at 80,000 
pounds. 
d = Diameter of steel in inches. 
R= Radius of centre of coil in inches. — 
1 = Length of bar before coiling, in inches. ok 
G = Modulus of shearing elasticity, taken at 12,600,000. 
J = Deflection of spring under load in inches. 
H= Height of spring free in inches. 
hk = Height of spring solid in inches. 
a = 3.1416. 
Then: 


ld 
= Rand H=h+/f. 


, 
a 
vA 
A 
> 
‘ 


4Sx Rh 


Eliminating and reducing, we have /= » and substi- 


2' 
tuting the proper constants, f= .08 —,- and H =h + .08 


2 
haw d Pe d 


ad 
also, P = 15,714 — 


4 
— 
846 
2.98 
1.58 
: 3 
P f 
Je 
: 


oF H For VARYING VALUES OF 


| 
8.25) 9.44 
9.24 | 10.58 
10.50 | 12.00 
12.04 | 13.76 | 
13.86 | 15.84) 
15.96 | 18.24 
18.34 | 20.96 | 
21.00 | 24.00 | 
23.94 | 27.36 | 
27.16 | 31.04) 
80.66 | 35.04 | 
34.87 | 39.28| 44.1 
88.50 | 44.00) 49.50 


VALUES oF H FoR VARYING VALUES OF h. 


tou 


an 
SSeS 


wo 
cra 


7. 
7. 
7. 
8. 
9. 
9. 
0. 


on 


11.08 | 12.93 | 
11.88 | 13.86 | 
12.72 | 14.84 

| 13.68 | 15.96 | 
12.25 | 14.70 | 17.15 
18.34 


of? 

Dre OLS Ct te 


OD 


Sak 


DIAMETER OF STEEL, 7; INCH. 
1 | 2 | 3 a | os 6 | ‘ 3 
94 | 41.00}1.18| 2 3.54) 4.72] 5.89| 7.08 
25 | 30.70} 1.82] 2 5.28) 6.60) 7.92 
56 | 24.55/1.50| 38 4.50) 6.00] 7.50) 9.00 
88 | 20.50/1.72| 3 6.78| 8.60) 10.32 
119 | 17.55/1.98| 3 .94| 7.92) 9 90/ 11.88 
50 | 15.35 | 2.28] 4 9.12/ 11.40 | 13.68 
| 18.65 | 2.62] 5 7.86 | 10.48 | 13.10 | 15.72 
| 818 | 12.30] 8.00] 6 9.00 | 12.00 | 15.00 | 18.00 
| 11.20] 38.42] 10.26 | 13.68 | 17.10 | 20.52 
| .875 | 10.20| 8.88 | 11.64 | 15.52 | 19.40 | 23.28 | 
406| 9.45|4.38| 13.14 17.52 | 21.90 | 26.28 
4.91] 14.73 | 19.64 | 24.55 | 20.46 
| -469] 8.15 |5.50 | 11 16.50 | 22.00) 27-50 | 83.00 | | 
8.26; 9.44, 10.62 
8.78| 9.97/ 11.22 
9.24/10.56) 11.88 4 
9.84/11.94/19.65 . 
7.50 10.50/12.00 138.50 
8.03 11.24/12.84) 14.45 
8.60 | 1 19.04/18.76| 15.48 - 
5| 1.85 14.77| 16.638 
0| 1.98 15.84! 17.82 
5| 2.12 16.96 | 19.08 | 
5| 2.28 18.24! 20.52 
| 0| 2.45 19.60/ 22.05 = 
5| 2.62 20.96; 28.58 


. SPRING TABLES, 
=< 


DIAMETER OF STEEL, }3; INCH. 


VALUES OF H FOR VARYING VALUES OF h. 


5 


368 | 
332 
302 | 
276 
255 | 
237 | 
221 
207 
195 
184 
175 
166 
158 


WOO WW 


W 


CO CO CO 09 09 DD W 


@ 


VALUES OF H FoR VARYING VALUES OF h. 


3 


o 


BS 


@ 


8.26| 9.44/ 10.62 
8.56 | 9.78 | 10.91 
43 .3813 | 8.88 | 10.14) 11.41 
9.24/ 10.56) 11.88 
| 9.63|11.00| 12.38 
| 10:05 | 11.48 | 12.92 
10.50 | 12.00 | 13.50 
10.99 | 12.56 | 14.18 
11.48 13.12 | 14.76 
12.04 | 18.76| 15.48 
12.60 |14.40| 16.20 
18.23 | 15.12| 17.00 
| 625 13.86 | 15.84| 17.82 
| 
aft DIAMETER OF STEEL, } INcH. 
8.26} 9.44| 10.62 
| -406 8.72; 9.96} 11.21 
14 | .438 | 562 8.96 | 10.24| 11.52 
| -469 | 525 9.24 10.56| 11.88 
9.52 | 10.88 | 12.24 
| -581 | 468 9.84 | 11.24 | 12.65 
| 563 | 487 10.15 | 11.60| 13.05 
10.50 | 12.00| 13.50 
| | 894 11.24 | 12.84| 14.45 
| .688 | 358 
| 12.04 | 18.76 | 15.48 
| 281 | 1.98 11.88 | 13.86 | 15.84| 17.8 


VaLuEs or H FoR VARYING VALUES OF h. 


ai 


1,020) 1.18 
903] 1.28 


5.90 
6.15 

6.45 

6.75 
7.12 
7.50| 9. 
7.93) 9.51 
8.39 | 10.07 
8.86 | 10.68 
9.35 | 11.22 
9.90 | 11.88 
10.55 | 12.66 
11.10 | 13.82 


DIAMETER OF STEEL, ? INCH. 


VaLues or H For VARYING VALUES OF h. 


.563 1,470) 1.18 
.625 | 1,830) 1.22 
-688 | 1,210) 1. 
|1,100) 1. 


lor} 


Ss 


§ 


W 


SSS 


| 
— 
| 1} 2 3 | 4 
14 1594} 810/1.29| 2. 9.03/10.82/11.61 
18 | .656| 780) 1.35] 2. 
668) 1.42] 2. 9.97/11.89/12.82 
- £781] 614) 1.50] 3. 0.50/12.00/18.50 
| 570) 1.59 8. 1.10 | 12.68 | 14.27 
580) 1.68} 8. 1.75|18.82/15.00 
1.081] 465] 1.87] 8. 8.09} 14.96/16.88 
1.093] 439) 1.98] 3. 8.86/15.84/17.82 
11.156] 415] 2.11] 4. 4.77 | 16.88 | 18.99 
23 |1.218| 394/2.22] 4. 8 | 5.54/17.76/19.98 
= 
1 2 8 | 9 3 
2.36 9.44 | 10.62 
44 9.78 | 11.00 
| 54 10.14/11.41 
64 10.56 | 11.88 
| 875) 948) 1.44] 2.87 | 
£988] 883) 1 3.00 | 
1.000] 830) 1 3.14 12.56 |14.18 
2} 1.062 | 780 1.64/ 3.28 13.12 (14.76 
726) 1.72] 3.44 13.76 | 15.48 
981.187] 698 1.80 | 3.60 2.60 | 14.40 | 16.20 
| 1.250) 658 1.89! 3.78 3.28] 15.12)17.00 
1.312) 631 1.98 | 3.96 | 8.86 | 15.84 /17.82 


DIAMETER OF STEEL, INCH. 


VaLuEs oF H FoR VARYING VALUES OF h. 


ooo 
SSSSESRSSES@ 


99 99 90 TO BOPP POLO 


| - 


4 


5 


6 


CO 


Sos ore 


SARSSRSSESS 


| 2,600 
| 2,400 
.875 | 2,250 
.938 | 2,100 
1.000 | 1,970 
1.062 | 1,850 
1.125 | 1,750 
1.187 | 1,660 
1.250 | 1,580 
1.375 | 1,480 


Vauurs or H For VARYING VALUES OF h. 


6 


oO 


1.500 | 1,810 
1.625 | 1,210 


99 99 NO DO POT 


AH 


DOWD AM 

ac 


S 
oo 


oy 
| | | | | | | | 8 9 
13 | .656 | 2,00 8.26 | 9.44 | 10.62 
1% | .719 |1,88 8.51 | 9.72 | 10.94 
.781 | 1,680) | 8.79 | 10.04 | 11.30 
- 24 | .844 |1,560 9.09 | 10.388 | 11.68 
. 1,450 9.42 | 10.76 | 12.11 
23 | .969 |1,360 | 9.74 | 11.14 | 12.58 
a. 10.10 | 11.54 | 12.99 
| 1.098 |1,200 | 10.50 | 12.00 | 13.50 
| 10.89 | 12.45 | 14.00 
BE] 1.218 11,080 11.33 | 12.94 | 14.56 
a 3 | 1.281 | 1,030 11.79 | 13.47 | 15.16 
. 34 | 1.406} 935 10.95 | 12.'78 | 14.60 | 16.48 
a 8$ | 1.531 | 858 11.88 | 13.86 | 15.84 | 17.82 
DIAMETER OF STEEL, 4 INcH, 
| 
pes 2 18 | 2.36 | 3.5: .26| 9.44| 10.62 
24 21 | 2.42 3.6 .47| 9.68) 10.89 
24 25 | 2.49 | 8.7 9.97) 11.21 
23 28 | 97 | 10.26 | 11.54 
82 | 9.24 | 10.56 | 11.88 
9 36 9.52 | 10.99 | 12.24 
ey 2 41 | 9.84] 11.24] 12.65 
ot 2 45 10.15 | 11.60 | 18.05 
3 .50 10.50 | 12.00 | 13.50 
3 .61 11.24 | 12.84] 14.45 
34 | 1.72 12.04 | 13.76 | 15.48 
33 1.85 11.07 | 12.92 | 14.76 | 16.61 
| aan 4 1.750 | 1,130 | 1.98 11.88 | 18.86 | 15.84 | 17.82 


SPRING TABLES. 


DriaMETER OF STEEL, INCH. 


7 


VaLusEs oF H FoR VARYING VALUES OF h. 
D R P 
1 2 3 4 5 6 7 8 9 
1.18 | 2.36 | 8.54 | 4.72 | 5.90 7.08 | 8.26 | 9.44] 10.62 
1.21 | 2.42 | 3.62 | 4.83 | 6.04 7.25 | 8.46) 9.66) 10.87 
1.24 | 2.47 | 3.71 | 4.95 | 6.19 8.66) 9.90} 11.138 
1.27 | 2.54 | 3.81 | 5.08 | 6.85 | 7.62| 8.89 | 10.16] 11.43 
1.30 | 2.60 | 3.90 | 5.20 | 6.50 7.80} 9.10 | 10.40) 11.70 
1.34 | 2.67 | 4.01 | 5.85 | 6.69 8.02 | 9.36 | 10.70} 12.08 
1.37 | 2.75 | 4.12 | 5.50 | 6.87 | 8.24) 9.62 | 10.99| 12.37 
1.46 | 2.91 | 4.87 | 5.82 | 7.28 | 8.78 | 10.19 | 11.64) 13.10 
1.54 | 3.09 | 4.63 | 6.17 | 7.72 | 9.26 | 10.80 | 12.84/ 13.89 
1.64 | 3.28 | 4.92 | 6.56 | 8.20 | 9.84 11.48 | 18.12| 14.76 
1.75 | 3.49 | 5.24 | 6.98 | 8.73 | 10.47 | 12.22 | 18.96 | 15.71 
1.86 | 3.72 | 5.58 | 7.44 | 9.380 | 11.16 | 18.02 | 14.88| 16.74 
1.98 | 3.96 | 5.94 | 7.92 | 9.90 | 11.88 | 18,86 | 15.84| 17.82 


DIAMETER OF STEEL, INCH. 


| VaLuEs OF H FoR VARYING VALUES OF h. 
P 

| 1 | 2 | 3 4 | 5 6 v | 
24| .988/ 4,100} 1.18 | 2.36 | 3.54 | 4.72 | 5.90 | 7.08) 8.26 
23 | 1.000 | 3,800 | 1.21 | 2.41-| 3.62 | 4.82 | 6.03 | 7.28] 8.44 
23 | 1.062 | 3,600 | 1.23 | 2.46 | 3.69 | 4.92 | 6.15 | 7.88) 8.61 
2% | 1.125 | 8,400 | 1.26 | 2.52 | 3.78 | 5.04 | 6.30 | 7.56) 8.82 
8 | 1.187 | 8,200 | 1.29 | 2.57 | 3.86 | 5.15 | 6.44 | 7.72) 9.01 
84 | 1.312 | 2,900 | 1.36 | 2.70 | 4.06 | 5.41 | 6.76 | 8.11| 9.46 
8} | 1.487 | 2,650 | 1.42 | 2.85 | 4.27 | 5.69 | 7.12 | 8.54) 9.96 
33 | 1.562 | 2,450 | 1.50 | 3.00 | 4.50 | 6.00 | 7.50 | 9.00/ 10.50 
4 | 1.687] 2,800 | 1.58 | 3.17 | 4.75 | 6.33 | 7.92 | 9.50) 11.08 
44) 1.812 | 2,100 | 1.67 | 3.34 | 5.01 | 6.68 | 8.35 | 10.02 | 11.69 
43 1.987/ 1,980 | 1.77 | 3.54 | 5.381 | 7.08 | 8.85 | 10.62 | 12.39 
43 | 2.062 | 1,860 | 1.87 | 8.74 | 5.61 | 7.48 | 9.35 | 11.22 | 13.09 
5 | 2.187 | 1,760 | 1.98 | 3.96 | 5.94 | 7.92 | 9.90 | 11.88 | 18.86 


rs 


ky 


» 


=| 


. 
x 
8 | 9 
).44 | 10.62 
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DIaMETER OF STEEL, 


VALUES oF H FOR VARYING VALUES oF h. 
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@ 


anwo 
SS 


ooo 


OOS 
OS 


ge 
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DIAMETER OF STEEL, INCH. 


VALUES OF H FOR VARYING VALUES OF h. 


5 6 


Ot Ot Ot Ct CO CO CO 


—) 


ODS 


DAS 


BW WWW WH 
= 


4 
| | | 
4 5 |. 7 8 9 
8.26 9.44! 10.6 
25 4, 8.41| 9.62) 10.82 
| 4, 8.58! 9.80) 11.03 
84 | 1.281 | 4, 8.95 | 10.22! 11.50 
8 | 1.406 | 3, 9.34 10.67| 12.01 
33 | 1.581 | 3, 9.78 | 11.18| 12.57 
4 | 1.656 | 3,10 10.25 | 11.71| 13.18 
41/1. 781 | 2.85 10.76 | 12.30| 13.88 
4$| 1.906 | 11.80 12.91| 14.52 
43 | 2.081 | 2150 11.88 | 13.58| 15.27 
5 | 2.156 | 2'350 12.50 14.28] 16.07 
51 | 2.281 | 2'250 13.16 15.04 16.92 
| 2.406 2,100 18.86 | 15.84| 17.82 
‘aaa 
| 
= ic, 1 | a 7 | 8 | 9 
8.26| 9.44] 10.62 
8.55) 9.78| 11.00 
8.88 10.14| 11.41 
9.24|10.56| 11.88 
9.63 | 11.00| 12.38 
10.05 | 11.48| 12.92 
10.50 | 12.00| 13.50 
10.99 | 12.56) 14.13 
11.48 | 18.12| 14.76 
12.04 | 13.76| 15.48 
12.60 | 14.40| 16.20 
13.28 | 15.12| 17.00 
a 13.86 | 15.84| 17.82 


1.218 
1.343 


6,900 
6,300 


C9 C9 OF CO CO 


CO 09 


BES 


SSESSESaR 


KW RO 


Co CO CO CO CO WW WW WW 


© 


18.28 | 15.12 
18.86 | 15.84 


DIAMETER OF STEEL, § INCH. 


VALUES OF H FOR VARYING VALUES OF h. 


SSOOD HDD 


oe 


8.26 9.44) 


| 8.51| 9.72) 


8.78 | 10.08 
10.37 
10.74 
11.14 
11.54 | 
11.97 | 
12.48 
12.92 
(18.48 


13.86 


SPRING TABLES. 858 
q 
i 
| VaLves or H For Varyine oF h. 
| 1 | 2 3 4 | 5 6 | 8 9 
| 
-08| 8.26) 9.44) 10.62 
.81| 8.53) 9.74! 10.96 
| 1.598 9.15|10.46) 11.7% 
11,848 .46| 9.87/11.28| 12.60 
| 1.968 .80/10.27/11.74| 18.200 
| 2.098 33 .18}10.71| 12.24] 18.770 
2.848 37 .99|11.66/13.32/ 14.99 = 
«BR 19.468 15.65 
| 
1 2 | 6 ~ 9 a 
= 
62 3} 1.312 /8,0001 1.18. 2.36 | 3. 1.72 | 5.90 _ 
00 3} | 1.437 |7,800 1.22, 2.43 | 3. 86 | 6.08 
4 | 1.562 /6,700/ 1.25 | 2.51 | 38. 02 | 6.27 4 
‘$8 41 | 1.687 |6,200 1.80 2.59 | 3. 18 | 6.48 
38 4} | 1.812 |5,800, 1.34) 2.68 | 4. 37 | 6.71 | 
99 4} | 1.987 |5,400| 1.59 2.78 | 4. 57 | 6.96 35 4 
5 |2.062|5,100 1.44 2.88 | 4. 7.21 651 12.98 
| 2.187 |4,800 1.50, 3.00 5.99 | 7.48 98 1 q 
54 | 2.812 4,600 1.55) 8.11 | 4. 6.22 | 7.77 82/1 a 
“48 5} | 2.437 |4,800 1.62 | 3.23 | 4. 6.46 | 8.08 69 1 
“90 6 | 2.562 |4,100 1.69 | 3.87 | 5. 6.74 | 8.43 11/1 8 
63 | 2.812 |3,800 1.83) 3.66 | 5. 7.32 | 9.15 98 | 1 
7 | 3.062 |3,400 1.98| 3.96 | 7.92 | 9.90 88 . 


© 
S 
HAD 7D O 
co 


= 


2.531 |5,100 


2.781 |4,700) 1. 

3.081 |4,300) 1. 

3.281 [8,900 1. 
| 


3 


4 


5 


7 8 


WHO 


© 


9.44 
9.71 
10.00 
10.31 
10.64 
9.68 | 11.00 
9.94 | 11.36 
10.31 | 11.78 
10.70 | 12.22 


REass 


11.06 | 12.64 


11.94 | 13.64 

12.85 | 14.68 

18.86 | 15.84 


da 


DIAMETER OF STEEL, 1 INCH 


| 


VALUES OF H FOR VARYING VALUES OF h. 


a) 


CO CO CO WW 


3 4 5 ve | 8 

3.54 | 4.72 | 5.90 | 7.08| 8.26) 9.44 
3.63 | 4.84 | 6.05 | 7.26) 8.47! 9.68 
3.74 | 4.98 | 6.24 | 7.48] 8.73) 9.97 
3.85 | 5.13 | 6.41 | 7.69] 8.97| 10.26 
3.96 | 5.28 | 6.69 | 7.92| 9.24| 10.56 
4.08 | 5.44 | 6.80 | 8.16| 9.52) 10.99 
4.22 | 5.62 | 7.08 | 8.43] 9.84| 11.24 
4.35 | 5.80 | 7.25 | 8.70| 10.15 | 11.60 
4.50 | 6.00 | 7.50 | 9.00| 10.50 | 12.00 
4.82 | 6.42 | 8.08 | 9.63|11.24| 12.84 
5.16 | 6.88 | 8.60 | 10.82 | 12.04 | 18.76 
5.54 | 7.88 | 9.28 12.92 | 14.76 
5.94 | 7.92 | 9.90 18.86 | 15.84 


— 
ore a an | VALUEs OF H FoR VARYING VALUEs OF h. 
| 
33 8} 2. 10.62 
4 | | 2. 10.98 
44 5 | 2. 11.25 
4} | 2. 11.60 
43 33 | 2. 11.97 
5 38 | 2. 12.38 
2 | 2. 12.78 
2. 13.26 
53 | 8. 13.%5 
8 | 3. 9.48 14.22 
3. 10.28 15.35 
— 8 | 3. 11.88 17.82 
1 | 9 
4 1.18 10.62 
— 700| 1 21 10.89 
| 000) 1.25 11.22 
400| 1.28 11.54 
5 900) 1.32 11.88 
400) 1.36 12.24 
800| 1.50 18.50 
700) 1.61 14.45 
5,200) 1.72 15.48 
1,800) 1.85 16.61 
1,500) 1.98 17.82 


48 
79 
13 
5 
8 
68 
63 
57 
5 


| 


48; 11 

7 

12 

44 

16 
13.00 
13.84 | 15 
14.8) 
15.84 17 


88 | 13 
11 
95 
86 


! 


6 

7 

3 

7 
44/10 


64 | 12 


858 10 
12/10 
75 11 
38 | 12 
12 
88 | 13 


9 
10 


11 
90 | 11 


Serer 


9 


VALUEs OF H FOR VARYING VALUES OF h. 
5 


BABS 


OD OD OD OD SH SH 1D 


Tot CV SB CV CR CR OD 6D 


Sr 


<i 


DIAMETER OF STEEL, 1} INCHEs. 


VALUES OF 7 FOR VARYING VALUES OF /. 


Nr 
Di~t-t-@ 
sete 
NNS VP AH OD 


44 1.687 | 


OD OD CD OO OD 19 10 


MDS 


HDS 
MOA 


687 | 15, 
812 | 12, 
062 


43 


| 
D 
1,8 8 44| 10.62 
9 6 | 8. 68 10.89 
2 14) 8. 92| 11.16 
0.5 8. 
8,4 9 g 
8, 
7,6 
6, 
6, 
5,4 zs 
il .82 
aq 
D R P ¥ 
4 5} 2 6 . 
8 53 | 2 
4 5} | 2 
5 6 (2 
8 8. 
32 9 | 9.8 
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VaALuEs OF H For VARYING VALUES OF h. 


58 
32 
92 
80 


26 | 14 
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HOLLOW STEEL FORGINGS. 


BY H. F. J. PORTER, CHICAGO, ILLINOIS. 


(Member of the Society.) 


By this name I do not refer to steel forgings that have been 
forged solid under a hammer or press and subsequently bored, - 
but to forgings which have been “ forged hollow.” 

In order that I may not be misunderstood, I will briefly oe 
describe the process of making the type of forging referred to. 
Supposing that we have designed a hollow shaft or roll or cylin- ba 
der of outside diameter inside diameter length and 
solid volume an ingot must be cast solid on end 
forge it from, having a diameter 2D, volume equal to 7D*DZ, 
but with length Z'. From the upper part of this ingot 25 per . 
cent. is cut off and rejected, and a hole of diameter D' is bored a 
through the longitudinal axis of the remainder. The ingot is au “4 
then reheated, a mandrel of diameter /' is run through the own - 
axial hole, and then the mass is forged down under a hydraulic + 
press from and length Z' to and J, the inside diameter 
D' remaining the same. 

The reasons for adopting this method of producing hollow — 
forgings are many and various and the result of long experi- | 
menting. In the first place, as the walls of hollow forgings are | 
comparatively thin, the metal must be absolutely without flaw 
or defect of any kind, homogeneous throughout, and thoroughly 
worked. For this purpose, therefore, only open-hearth steel is — 
) used, and of a grade that will best insure satisfactory working. — 
6 Its carbon may vary according to the purposes to which the © 
; forging will finally be applied, but its phosphorus and sulphur : 
0 should not exceed .04 per cent. In order that the metal should — 
. be sufficiently worked to give it strength and toughness, the 

best practice requires that the ingot should be at least twice the 
diameter of the finished forging. A 24- inch or 36-inch shaft or or 


* Presented at the St. Lente meeting (May, 1896) of the American of 
Mechanical Engineers, and forming part of Volume XVII. of the Transactions. =—_— 
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roll, for instance, would be worked down from 48-inch and 72- 
inch ingots respectively. Ingots of these sizes are liable to 
contain “ blow holes,” “ piping,” and “segregation.” The upper 
and central portion, being the locality of last cooling, is the 
place where these defects are apt to occur. As a precautionary 
measure, therefore, ingots are made from 25 to 30 per cent. longer 
than necessary, so that if any defects should happen to occur, 
the part containing them can be cut off. Of all the various 
methods that have been devised to secure ingots which are solid 
and homogeneous and free from all of the above defects, the 
most efficient and most to be depended upon is the “ Whitworth 
process of fluid compression.” This consists in subjecting the 
metal in the mould, while fluid, to hydraulic pressure up to 7,000 
tons if necessary (Fig. 64). This pressure is continued until 
the metal is solid throughout, great care being taken to cool 
the ingot slowly and equally on all sides to prevent strains or 
cracks forming from unequal contraction (Fig. 65). After it has 
cooled, the upper part is cut off, and a hole nearly the size required 
in the finished forging is bored through it (Fig. 66). This cut- 
ting off of the top and boring out of the centre take away those 
portions of the ingot where impurities may have concentrated 
and where there may have been a tendency toward “ piping,” 
and we now have a piece of steel which is as nearly perfect as 
can be produced, and it is ready for the forging process. 

First, it must be reheated, and as much care has to be taken 
in this process as was taken in its cooling, one being simply the 
reverse of the other. The heat must penetrate it slowly and 
uniformly, and its hollow shape now assists in accomplishing 
this result. In reheating a solid ingot, cracks are apt to form 
in the centre, owing to the expansion of the exterior from more 
rapid heating. The hole in the centre of the hollow forging, 
however, allows the interior and exterior to expand together, and 
relieves this tendency to crack. After being reheated, a man- 
drel of the proper size to fit loosely into the hole is inserted, and 
the piece is taken to the press, where the metal is drawn out 
over the mandrel to the required dimensions (Fig. 67). 

One of the primal requisites in forging is the proper selec- 
tion of forging tools, suitable in design and power for the work 
in hand. The pressure applied in shaping a body of steel 
should be sufficient in amount and of such character as to pene- 
trate to the centre and cause flowing throughout the mass. As 
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Fie. 64.—Fluid compression plant. 
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HOLLOW STEEL FORGINGS. 
this flowing of the metal requires a certain amount of time, the 
required pressure should be maintained throughout a corre- 
sponding period. The hydraulic pfess instead of the hammer 
is therefore used to work it into shape. Under its action the _ 
forging is slowly operated upon and the pressure distributes — 
itself evenly throughout the mass, whereas under the high ~ 


Fic. 65.—Ingot solid as coming from the mould. 


undesirability of using the hammer on steel for the above rea- 
sons, it is a very difficult matter to make a forging of this char- 
acter except by the use of the hydraulic press. A slowand even 
pressure is absolutely necessary to draw out the thin cylindrical 
walls equally and make a forging that is straight and symmetri- 
cal throughout. The varying impact of the hammer works the 
metal so ‘unevenly that the mandrel is apt to stick fast in the 
hole. For this type of steel forging, therefore, it is sale 
cally imperative that the press be used, and thus the metal is — 
unavoidably subjected to the best method of treatment. 

During this process of working down the metal from 2 to D> 


= 
a 
velocity of impact of the hammer the metal does not have time oo = 
to flow, and thus internal strains and possibly cracks are caused. = 5 
The latter would be fatal defects, for, as steel has not the 7 =“ _— 
property of welding, they cannot be remedied. Besides the +9 
—— 
“a 


= 


and extending it from L' to L (Fig. 68), it is probable that the 
entire piece, or at least the end of it which is being worked upon, 
will have to be reheated from time to time. Operating on metal 
which has become too cold to flow would injure it by disturbing 
the continuity of its structure, and thus establishing lines and 
planes of weakness. 

Considering all the manipulation to which the piece has been 
subjected during the process of shaping it to the proposed design, 
together with-its frequent partial heatings and irregular cool- 
ings, it undoubtedly has strains set up in it. To relieve these 


Fic. 66.—Bored ingot. 


strains it must be subjected to a final treatment of “ annealing.” 
This treatment consists in heating the forging slowly in a fur- 
nace and then allowing the latter to cool down slowly with the » 
forging in it. All forgings, whether hollow or not, should be 
annealed, otherwise there is a certainty of “forging strains” 
developing into weakness after they have been in service, caus- 
ing them to get out of true, with a possibility of their breaking, 
particularly if subjected to alternating stresses as in heavily 
weighted shafts or connecting rods, and especially piston rods, 
which are subjected to changing temperature. Annealing not 
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only relieves these strains, but gives a finer grain, and increases 
toughness. 

On this and other treatments of steel after forging depend to a 
great extent its physical qualities, and its strength will vary ac- 
cordingly from that of the best wrought iron to between three and 
four times that amount. I refer not so particularly to the “ ulti- 
mate strength” as I do to the “elastic limit” and toughness — 
and ductility, as shown by the “elongation” and “ contraction 
of area.” Annealing generally lowers the elastic limit slightly 
in well-made forgings, annealed forgings showing it to be about 


Fie. 68.—Shaft in process of being forged. 


47 per cent. of the ultimate strength. It considerably increases, 
however, the “ elongation ” and “contraction.” If it is desired to 
develop these qualities to their fullest extent in any grade of steel, 


“tempering ” is resorted to. This consists in heating the forg- _ 
ing to a temperature which experience has shown to be right — 


according to the purpose to which the forging is to be put, and © 


then plunging it into a bath of oil or other suitable liquid. It 


is then carefully annealed. This double treatment (which is 


properly covered by the one word “ tempering”) tends to— 


harden it, breaks up the crystalline structure due to forging, — 
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and modifies. the physical properties by increasing the elastic — 
limit and adding toughness. Forgings must be hollow to be 


tempered successfully, to allow the heat to be drawn from their 


interior as rapidly as from their exterior when they are sub- | 
jected to the cooling effect of the bath, otherwise strains may be _ 
induced which result in weakening instead of strengthening them. 

Authorities on machine design (vide Unwin, Seaton, et al.) say 


that solid shafts up to 10 inches in diameter may be subjected to pe 


a fibre strain of 9,000 pounds in wrought iron and 12,000 pounds 
in steel. Above 10 inches in diameter, however, iron shafts must 


not be subjected to more than 8,000 pounds, and steel shafts to ee: 4 


more than 10,000 pounds. The reason assigned is, that forges 
do not possess hammers heavy enough to affect the centre of 
shafts larger than 10 inches in diameter; or if by top steam or 
long drop they are able to be felt through the whole forging, 
the effect is produced by velocity of impact rather than by 


weight of falling mass. This, however, damages the surface, _ = 
having a tendency to draw it out, and leave the central portion __ 
behind, thus producing a tearing strain on the core, causing © 


Fie. 70. 


at times actual cavities. Heavy shafts forged under light ham- 
mers show the effect of this treatment in having concave ends 
(Fig. 69), while shafts forged under sufficiently heavy hammers 


or under the hydraulic press show bulging ends, the metal in | 


the centre, where it is hottest and softest, being pressed out 


(Fig. 70). Another reason why authorities place a higher safety i‘ ae 
factor on large shafts, especially of steel, is on account of the _ 
liability of steel ingots to have “ piping” and other defects in q 


their centre. 
With hollow forgings manufactured under the processes here _ 


described, these objections are met by using fluid compressed aa 


steel and subsequently taking out the possibly defective centre 


altogether. By substituting for the centre, during the process” ee 
of forging, a mandrel, the latter acts as an internal anvil, and by _ 
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this means even in the largest hollow shafts the thickness of metal 
worked upon can be brought within the limits above mentioned. 
The use of hydraulic presses having a capacity of from 2,000 to 
14,000 tons, selected according to the size of the forging under 
treatment, can leave no doubt in the most incredulous minds that 
the metal has been thoroughly worked. Take for instance the — 
Ferris wheel shaft, the largest ever made, 32 inches in diameter, 
with a 16-inch hole through it (Fig. 71). The walls of this shaft 


Fig. 71.—The Ferris wheel shaft. 


are only 8 inches thick between the mandrel and the press, and 
the metal therefore is in better condition, as far as its physical 
properties are concerned, than in an 8-inch solid shaft, the centre 
or poorer portion of which has not been removed. | 

By the use of the usual formule we have a means of compar- = 
ing figures. For solid shafts of diameter ¢@ in inches : 


(1) When the shaft is subject to twisting only, 


Let 7’ = twisting force in pounds at end of lever arm. =P 


*= lever arm in inches. 


= safe shearing resistance of the metal in pom er 


square inch. 
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Tr = .1968d's, and d = 
=e 8 


(2) When the shaft is subject to bending only, 


Let 6 = bending force in pounds. 
1 = distance between supports in inches. 
t = safe tensile resistance of the metal in pounds per s square 
inch. 


Bending moment 4/ = moment of resistance = 37° and 


= 


And for hollow shafts, letting d and d’ = the outside and inside 
d* ~ d™, 
diameters in inches, as d’ = ea, by substituting in the 


above we have, 
4 14 


(4) Bl = .0982 @ 


(5) When the shaft is subjected to both twisting and bending 
simultaneously, the combined strain may be measured by cal- 
culating what is called the equivalent twisting moment 7"’. 

If Tr = the twisting moment and Bl = the on moment 
as above, the equivalent twisting moment 


+ 4/ (Bl? + q 
(Bi) r) 

— ui oe Assuming that steel less than 10 inches in thickness may be 
2 submitted to a fibre strain of 12,000 pounds per square inch, 
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and when 10 inches thick and thicker it must not be submitted 

to a greater strain than 10,000 pounds per square inch, we may 
so reduce the thickness of metal operated upon in shafts of 
larger diameter than 10 inches, by hollow-forging them, that 
the walls will be less than 10 inches in thickness. 

By the above formulas, hollow-forged shafts are shown to 
be as strong or stronger than solid shafts of the same diameter. 
Taking for example the shaft above mentioned, 32 inches out- 
side diameter, 16 inches inside diameter, we find that when 
compared with a solid shaft of the same size it has lost 25 per 
cent. in weight and gained 12 per cent. in strength. 

With the substitution of steel for wrought iron in the trades 
for engine and miscellaneous forgings, the tendency has nat- 
urally been to use a mild or soft steel approaching iron as 
regards physical qualities and in the ease with which it can be 
machined. Wrought iron has a low elastic limit, averaging 
about 20,000 pounds per square inch in large sections, where 
proper care is taken in its production. Its strength is apt to be 
impaired by imperfect welds and porous spots enclosing slag 
and scale. 

Although mild steel, when of good quality, is superior to 
wrought iron in strength, toughness, homogeneity, and freedom 
from danger of such defects, still it does not possess the very 
desirable quality of high elastic strength combined with ductility 
or toughness in as great a degree as can be obtained without 
danger in a harder steel, when proper precautions are taken in 
its manufacture. In other words, in the use of ordinary mild 
steel, only a partial advantage is taken of the most desirable qual- 
ities of steel which are easily within reach. In, some instances 
where the amount of machine work in finishing is very great and 
there is ample margin of safety in the design—as, for instance, is 
often the case with connecting rods—the use of mild steel may 
be advisable. Such steel contains about .20 to .25 of one per cent. 
carbon, and can be guaranteed to show, in specimens $ inch diam- 
eter and 2 inches long between measuring points, cut from full- 
sized prolongations of forgings or from representative pieces, a 
tensile strength of not less than 57,000 pounds per square inch, 
and an elastic limit of not less than £7,000 pounds per square 
inch, with an average elongation of 25 per cent. 

For the general run of engine forgings, however, a harder steel 
should be used in which a tensile strength of about 75,000 pounds 
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and an elastic limit of 35,000 pounds per square inch can be ob. 
tained, together with an average elongation of 20 per cent. 
When proper precautions are employed, forgings can be made 
with perfect safety of a still higher grade of steel, and this is 
especially recommended for crank and cross-head pins and for 
machine parts subject to severe alternating strains and wearing 
action. In this grade of steel a tensile strength of about 85,000 
pounds and an elastic limit of about 40,000 pounds per square 
inch can be obtained, with an elongation of 15 per cent. 
If steel forgings are tempered they will possess still higher 
qualities than those above mentioned, and can be furnished with 
a tensile strength of 85,000 to 90,000 pounds and an elastic limit 
of 45,000 to 55,000 pounds per square inch, and an elongation 
of 20 to 15 per cent. 
By introducing about 3 per cent. of nickel into the composi- 
tion of steel, a finely granular or amorphous condition is 
MMMM 


Fie. 72.—A hollow shaft or roll. 


obtained in forgings, and the very highest quality of steel is 
attained. 

By the combination of hollow-forging and tempering this 
nickel steel, a material is obtained excelling all others known in 
elastic strength and toughness. As an example of this can be 
mentioned shafts made for the United States war-ship Brooklyn. 
These showed in specimens cut from full-sized prolongations a 
tensile strength of 94,245 pounds, an elastic limit of 60,775 
pounds per square inch, an elongation of 25.55 per cent., and a 
contraction of area of 60.58 per cent. 

Professor Merriman is quoted, in a paper read before the 
Society of Naval Architects and Marine Engineers in 1893 by 
R. W. Davenport, as estimating the strength of these shafts 
compared to solid shafts as follows, when strained to one-half 
their elastic limit : 

1. Propeller shaft United States steamship Brooklyn, nickel 
steel, hollow forged, outside diameter 17 inches, inside diameter — 
11 inches, weight 19,112 pounds. 
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transmitted at 50 revolutions per minute, 


Load in pounds at middle of a span of 12 feet on two sup- 
ports, 276,200. 


Fie. 73.—Field ring for 5,000 horse-power dynamo. 


2. Simple steel shaft, solid, 13 inches diameter (same weight 
and sectional area as above). 

a. Horse-powers transmitted under similar conditions, 5,130. oe 

i, Load in pounds under similar einen 89,000. 
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Comparative strength of these two shafts as3tol. __ 


3. A solid shaft of simple steel of the same strength as the 
_ hollow-forged nickel-steel shaft would be 18.9 inches diameter, 
and weigh 58 per cent. more. 
Hollow-forged fluid-compressed steel of .40 to .45 of one per 
_ cent. carbon, and more especially nickel steel, oil-tempered, is 
_ markedly adapted for piston rods of rock drills, mining machines, 
_ and hydraulic presses, and for drop-hammer rods, stamp stems, 
_ eam shafts,and similar pieces that are subjected to stress alternat- 
_ ing between tension and compression, or of either kind, frequently 
repeated. By substituting steel of this grade, which would have 
~ an elastic limit of about 60,000 pounds per square inch, for 
- wrought iron or mild steel, which is generally used for the 
_ purpose, and by so proportioning the cross section that the 
metal is not strained beyond one-half the elastic limit, so-called 
__-_- “erystallization” from shock or vibration does not occur and 
= _ its life is prolonged indefinitely. 
_---: Undoubtedly the best type of hollow forging, and one which is 
gradually being adopted both for shafts and rolls, is where 
: = the walls are of the same thickness throughout, the outside and 
- inside diameter varying together, both being greatest at the 
centre, where the strength is required, and smallest at the bear- 
a ings (Fig. 72). Such a shaft is built on the principle of a 
___ girder, and offers the greatest strength for the least amount of 
metal. 
The ability to pr oduce forgings of this hollow variety has led 
to their adoption in many places where castings, both of iron 
: and steel, have previously been used. This substitution has re- 


a = - also the parts in which they rest or move. 
Prominent among hollow forgings are the Ferris wheel shaft, 
a - 32 inches outside diameter, 16 inches inside diameter, 45 feet 


tan, Plymouth, and Pilgrim of the Old Colony Steamboat Com- 
pany, 20} inches outside diameter, 9 inches inside diameter, 
and weighing 65,832 pounds each. Shafts for the navy are made 
hollow, and those for the steamers New York, Paris, St. Louis, 
and St. Pau, of the International Line, are 21 inches in 
diameter, crank pins 22 inches diameter, with a 10-inch hole 
through both. Field rings of nickel steel were hollow-forged 
oie for the 5,000 horse-power Westinghouse dynamos at Niagara 


a 
. ees long, weighing 89,320 pounds ; and shafts for the steamers 
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Falls, 11 feet 73 inches diameter, 4}4 inches thick, and 4 feet 23 
inches wide, weighing 28,840 pounds (Fig. 73). 

Thus it will be seen that there is scarcely any limit, either in 
length or diameter, to the proportions of forgings which can 
now be made by processes which have been perfected. In this, 
as in every other direction, the demand seems to have been more 
than met by the enterprise of the manufacturer, and as a wide 
field is opened before them for the display of their prowess, 
it would seem as if engineers are rapidly taking possession 
of it. 


[Notzk.—This paper was presented by its author at un evening session, and 
was illustrated by lantern-slides projected upon a screen in the Convention Hall. 
His presentation included not only the cuts shown in the paper, but others 
related to them. Mr. John Fritz was persuaded to make a few supplementary 
remarks, which were not reported as part of the regular proceedings of the 
meeting.—Secretary. 
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OF DETERMINING STRENGTH OF PUMP CYLINDERS, 


STUDY OF THE PROPER METHOD OF DETER- 
MINING THE STRENGTH OF PUMP CYLINDERS. 


abate 


BY CHARLES W. KETTELL, CAMBRIDGE, MASS. 


Any one who has had to do with the designing of machinery, 
or structures of any sort which are to be subjected to pressure, 
,, must have felt the difficulty of ascertaining the stresses to 
which the several members are subjected, and for which they 
should be properly proportioned. In many cases it is impos- 
sible to determine the proper dimensions of the various parts, 
except by the exercise of the judgment given by long practice, 
or by comparison with existing structures which have stood the 
test of time. In some cases, however, it is possible to deter- 
mine the stresses with more or less mathematical accuracy ; and 
in others, again, it is possible to apply mathematical processes 
for the sake of obtaining results by which the judgment shall 
finally be guided. In all cases where such processes are used, 
they must be preceded by a rigid analysis of the problem, so as 
to determine the actual extraneous forces, since otherwise no 
inference whatever can be drawn from the results obtained. 
These remarks are especially applicable to the case of cast- 
ings of complex form, and it is the purpose of this article to 
indicate a method of analysis which may. be applied to the 
determination of the stresses in long horizontal pump cylinders. 
Such cylinders are usually made with an upper and a lower 
valve deck, as shown in the sections here given (Fig. 74). The 
sides are usually drawn with some simple curve, but are some- 
times straight ; and sometimes, to meet peculiar requirements, 
they are of more complex form. 
We will suppose the cylinder to be of indefinite length, and 
analyze the stresses on a section one inch long. 
Before taking up the cylinder itself, we shall have to consider 


* Presented at the St. Louis meeting (May, 1896) of the American Society of 
Mechanical Engineers, and forming part of Volume XVII. of the Transactions. 
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the discharge chamber, or cap, as it is sometimes called. This 

latter should be semicircular, as shown in section (Fig. 74), since, 

in that case, the metal will be brought into simple tension only, 
and the only force which the cap can bring upon the cylinder 
will be a vertical one, as will be shown farther on. 

This being settled, we come to the cylinder itself; and first we 
will say that the valve decks must be strong enough to resist 
the bending action due to the pressure upon their upper sur- 
faces, and the lower deck must also withstand the direct tension 
due to the pressure upon the side walls of the cylinder. 


‘ 


¥ 


ponte? 


Fic. 74. Fie. 75. 


__ The lower deck is thus subjected to bending stress and direct 
tension simultaneously ; but the upper deck is not, for the fol- 
lowing reason. When the end of the cylinder under considera- 
tion is brought under pressure+—i.e., when it is the discharging 
end—the upper valves are open, and hence the pressure is the 
Same upon the upper and lower surfaces of this upper deck, 
which is, therefore, not subjected to bending stress, but only to 
the direct tension coming from the pressure upon the side walls 
of the cylinder. On the other hand, when the discharge valves 
are closed, there is no pressure in the part of the cylinder under 
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them, and the upper deck is then subjected to bending stress, 
but not to direct tension. 

All this, however, is contingent upon the supposition that the 
tension in the valve decks acts at the centres of gravity of these 


decks. If, however, there is a bending moment in the side wall, 


where it joins the upper and lower decks, of such a character as 

to displace the centres of action of these tensions from the cen- 
tres of gravity of the decks, then the upper deck will be sub- 
jected to a bending stress besides, and simultaneously with, its 
direct tension; and the lower deck, also, may have this addi- 
tional bending stress. 

Now suppose the cylinder and cap both to be under pressure, 
and let us consider the forces acting on a section of the cylinder 
one inch Jong. 

Referring to Fig. 74, let us suppose that the resultant of the 
extraneous forces acting on any section CD is a couple / and 
an oblique force whose component normal to the section is G. 
Then we have for the maximum fibre stress caused by the 


in which J is the moment of inertia of the section, ack Yo is 7-2 
distance of the extreme fibre from the axis. 


For the stress caused by the normal force G we have /; = — 


in which 4 is the area of the section. 
eh) Hence for the total stress we have “rag 


I 
| Now the extraneous forces acting on any section as C — 
four in number : 

First. We have the uniform pressure p upon the side walls 
between the decks. 

Second. We have the horizontal pressure P, acting upon the 
vertical face 

Third. We have the action of the cap upon the cylinder, and 
this can be reduced to the force P, acting at the centre of the 
shell. For, the cap being semicircular in section, the stress on 
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the metal is, as before stated, simply a direct tension through- 
out, and hence at the joint this tension is vertical, and equal to 


P=pxe, 


in which p is the unit pressure, and 2c is the inside width of the 
cap, the point of application of P, being taken at the centre of 
the shell, as shown in Fig. 74. 

As the cap is attached to the cylinder by bolts, it might be 
thought that its centre of action ought to be taken at the centre 
of the bolts, instead of the centre of the shell. But-that this is 
not the case can be shown in two ways: 

1. When pressure is brought upon the cap, which is thus 
forced away from the cylinder, the cap pulls upon the bolts, but 
it also presses the outer edge of its flange against the flange of 
the cylinder, and the action of the cap is reduced to a vertical 
pull at the bolts and a downward pressure at the edge; the 
resultant of these two forces being a single force equal to the 
difference of the two, and lying inside of the bolts—z.e., at the 
centre of the shell. 

It may be observed that the tension of the bolts is thus 
greater than P, = pe by just this additional pressure mentioned 
as occurring at the outer edge, besides the pressure necessary to 
secure a tight joint—which last pressure does not, of course, 
affect the strength of the cylinder, and is not to be taken into 
consideration in the present discussion. 

2. In the second method of proving the correctness of the loca- 
tion assumed for the centre of action of the cap upon the cylinder, 
we will suppose that we take a radial section of the cap just 
above the flange, as a—a’, Fig. 77. We can then leave the joint 
entirely out of consideration, and we shall have for the forces 
acting upon the cylinder the direct tension P'=pc, which is not 

‘vertical, and the pressure upon the curved portion ab of the 
shell; the resultant of these two being again the vertical force 
P,=pe acting at the centre of the shell. : 

Fourth. The last of the extraneous forces to be considered is 
the tension in the upper valve deck, the amount and centre of 
attion of which depend upon the change of form that the cylin- 
der undergoes under pressure. As to its amount, it is fair to 
assume that /,; is equal to half the whole pressure upon the 
vertical face AV plus the pressure /,, although it is perfectly 

conceivable that the upper deck should be so elastic as to 
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take less than half the load on A#; or, on the other hand, it 
might be so wanting in elasticity as to take more than half this 
load. 

The centre of action of /?, is even more uncertain. If the 
upper deck were perfectly flexible, and hence offered no resist- 
ance to bending, it would act as a tie. The stress on it would 
then be uniformly distributed, and the centre of the tension P, 
would be at the centre of gravity of the section. Such a condi- 
tion is never fulfilled. The decks are made as rigid as possible 
against bending. As soon as pressure is brought upon the cyl- 
inder, the side walls tend to change their form, and the radial 
section MV, Figs. 74 and 75, tends to change its inclination. All 


P, 


a’ 


~~. 


this tends to bend the valve decks and, generally, to lower the 
centre of the tension P,, in some cases far below the centre of 
gravity of the section. Hence, before we can say anything about 
the centre of action of P;, we must study the stresses in the side 
walls, and in regard to these stresses we can only say that they 
will lie between the two following cases : 

1. Where the side walls are perfectly free, and the radial 
section ZV can change its inclination to suit the change of form 
caused by the pressure. 

2. Where the side walls are so rigidly connected to the valve 
decks that the radial section ZW preserves the same inclination 
as before the pressure was applied. 
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As the valve decks are usually quite deep compared with the 
thickness of the shell, and are often stiffened by ribs, and have 
well rounded corners where they join the walls, the second case ~ 
is much more nearly realized in practice, and probably represents 
quite well the actual condition of the cylinder. : 

The problem is, therefore, now reduced to the discussion of a — 
curved piece, as shown in Fig. 76, subjected to a uniform normal 
pressure p, to a known force P,, to a force P,, which we will 
assume unknown, and lastly to a bending moment J/,, likewise — 
unknown, but which includes the moments of the couples — i: 
required to transfer the forces P, and P, from their actual ee 
centres of action to the end of the centre line of the curved rib. 


part of it here, and therefore we will assume the following gen- Be : 
eral formula* for the change of direction of the tangent of a 
curved piece subjected to a bending action and an oblique mo. 

at the same time : 


MM 
(1) T An 


in which 
modulus of elasticity ; 
A = area of section ; 
ae = moment of inertia of section ; 
= bending. moment at any point ; 
é- = resultant force at the same point, normal to the section ; 
7, = radius of the neutral axis ; 
4g = deflection of the tangent ; 
ds = element of neutral line. 


equation (1) in this form : 


+ 


4 
AS the theory of fexure Is given i so 
7 
a 
4 
a 
Tension is positive, and so also are those bending moments 
; 
which tend to increase the curvature. aan Pe 
As r, is constant in our case, and ds=r.dgp, we can write a au, a 
= 3 
“4 
* The Elemen >. 274. 
ve 


1 
From Fig. 76 we have de such 


(3) M= P, (sin. a — sin. 9) 


which is the unknown moment at LV. 
Also from the same Fig. 76 we get i 


(4) . G=P,sin. p + P, cos. p + 2pr sin? (* 


Introducing these values of J/ and @ into equation Q and 


integrating, we have 


(5) 49 = B, | sin. a + cos. p) + P, a—sin. 7) 
(a — 9) —(a— 9)] + | 

| P,cos. + P, sin. p + pr, [sin. (a — 
| + 6. 


Now assume that the rib is “ fixed” at the upper and lower 
ends, and the deflection is also zero at the middle section. Then 
(5) becomes zero for p=0; p=a; and p=—a,and we get 
(6) —prire(sin. a — a)] + B,[— P, +pr, (sin. a — a)] 

+ C=0. 


(7) + cos. a) + 
+ + B,[—P,cos. a + P, sin. + 


(8) B (cos. a — asin. a) + (sin. a —.a cos. a) 
— pr, 72 (sin. 2a — 2a) — M, a] 


[—P,cos.a—P, sin. a + pr, (sin. 2a —2a)] +0 = 
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a Subtract (8) from (6) and we get 


B, + asin. a — cos. a) — P, 7, (sin. a — COS. a) 
— pr, r; (sin. a — sin. 2a + a) + M, a) 
+ B,[P, (cos. a—1) + P, sin. a 
+ pr, (sin. a — sin. 2a + a)] =0 


Also from (8) subtract (7), and we get 


(10) . By [— 2 Py, sin. a + 2 Pir, (sin. a — a cos. a) 
— pr,r, (sin. 2a — Qa) — 2 Moa) 
+ B,[—2P, sin. a + pr; (sin. 2a — 2a)| = 0. 


Multiply (9) by 2 and add it to (10) and we get, after re- 


duction : 


as was, of course, to be expected. 


Now, by introducing this value of P, into (9), and reducing, 
we get 


(12) | cos. 


B, (= COS. a sin. 


a 


The last term is so small that it may usually be neglected. 
When the side walls are straight we have 7; = 7, =0,a=0, 
in 
which s is the distance between the valve decks. fas 
We see from (12) that Jf, is practically zero — 


or, in other words, when the curve of the rib is such thatits _ 
centre is on both the vertical and horizontal centre lines of the i oe 
cylinder, and the width of the cap is such that 


and this reduces to the well-known formula J/, = 


ting M, = 0, we shall find that / is also zero. In other words, et se 
if the cylinder is designed as indicated above, there is practically 
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no bending action whatever in the walls, which act as part of 
a cylinder only, and are subjected throughout to a uniform 


tension, 


_ It now remains to determine the centre of action of the ten- 
sion in the upper and lower decks. 

If x, and a, taken positive to the right and up, are the dis- 
tances of the lines of action of the forces P, and P,, and x, is the 
distance of the centre of gravity of the upper deck from and 
above the centre of gravity of the radial section Z/; and, 
lastly, if x is the displacement of the force P; below the centre 
of the deck, we have 


| 


— Pix, — Pt, + P3 (x3 — x)= M 


— Py, — Pr, — My 
P, 


The upper deck is, therefore, subjected simultaneously to the 
uniform tension P,, and to the uniform bending moment /;a, ; 
and the maximum fibre stress is 


PsLoyo 


Bem on ‘Ti is the moment of inertia ; 

re. 3 y, is the distance of the extreme fibre from the neutral axis. 
It should be observed that the length of section to be con- © 
sidered in this case is not one inch, but is to be determined by — 
the distance between the valve seats. 

Similarly for the lower deck, if x! and ;' are the horizontal __ 
and vertical distances of the centre of the lower radial section __ 
from the centre of gravity of the middle section of the lower 
deck, we have for the bending moment at the centre of thisdeck 
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and for the displacement of the centre of action of the tension 
P, below the centre of gravity of the deck, we have 


2 


This supposes that the whole of the bending moment /, comes 
upon the lower deck, which is hardly ever the case; and it may 
be well, in any actual example, to take advantage of the fact 
that, by its connection with the suction chamber or base, the 
lower deck is enabled to throw upon this base more or less of _ 
the bending action coming from the side walls. In fact, me 


the above connection is left out of consideration. 

Let us apply our formule to the cylinder shown in Fig. 74, 
determining the stresses in two sections CD and LY, first - 
under the assumption that M/, is zero, and, secondly, that - 
has a value to be determined by the method indicated above. 

First, Side walls free, section CD: 


M=0; P,=prsin.a; 


For the section we have 2 


Second. Suppose that the cylinder walls are “fixed” at their 

junction with the valve decks. 

Then we have from equation (12) 

=2.52 p, fi 


| 
| 
4 
| 
4 
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I 
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2 = 18.99 p | 
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: (4.12 + 2.52) p ; 
= 6.64 p ; 


Ji =} x 6.64p = 17.7 p 
h= 


= 14.48 p. 


If the centre of the curve had been taken at 0, making the - 
radius of the inner surface 7, = 11.67, the sides would have been | 
subjected to a uniform tension of . 


11.67 p. 


For the form of cylinder shown in Fig. 75 we have oA . 
First. For the section CD, side walls “ free,” 


=8.5p; 


=188p; G=10p; 


and for the section CD x 


= fs = 7.3 p. 


Second. Suppose that the cylinder walls are “ fixed.” 
Then we have from equation (12) 


M, = — 1247p, 
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and for the section CD 


= x 6.88 p = 16.88 p 


M = (18.8 — 12.47) p = 6.33 p; 


For the section LM we have 


Referring to Fig. 74, we find that the centre of action of the 
tension in the upper deck is 0.35 inch below the centre of 
gravity of the section, if there is no bending moment at the 
radial section; while it is lowered only 0.07 inch, if the side 
walls are “fixed” at this section. 

Referring to Fig. 75 we find the displacement is 0.40 inch 
below the centre of gravity of the section, if the side walls are 
considered “ free,” and 1.80 inches below this centre, if the side 
walls are considered “ fixed.” 

It is not claimed for this method that the results are as 
definite as in many other problems in engineering; but, admit- 
ting the correctness of the analysis of forces, the conclusions 
follow irresistibly ; and this analysis is founded upon well-con- 
sidered and reasonable assumptions. If, on the one hand, we 
have been able to do no more than show the limits within 
which the stress in the cylinder walls must fall, still, on the 
other hand, it is no small matter to know those limits ; and the 
guess work which is too often shown in estimating these stresses 
will be avoided, founded, as it usually is, upon an imperfect 
understanding of the extraneous forces. It is certainly not cor- 
rect to assume that the sides of the cylinder act as a simple 
beam, or, on the other hand, that they act as part of a cylinder, 
and hence are under simple tension only. But it has been 
shown above that this last result can be attained, and the cylin- 
der be so proportioned as to avoid all bending action upon the 
sides. Where such a form of cylinder is not attainable, for one 
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reason or another, the method here indicated should be applied 

iz e to several sections ; if for nothing else, as a basis to guide the 

Bes _ Judgment in determining the thickness of metal. 

iq ee In this discussion the length of the section has been assumed 

oe a8 one inch, but in any real case the length to be considered 

_ will be determined. by the distances between the valve seats, 

measured lengthwise of the cylinder; and any other variations 
of the method to suit an actual case will be readily made. 

If the centre of the curve of the side wall is not taken mid- 

way between the decks, or if the walls are made with reversed 

Ee curves, the method here given can still be followed; but the 

ay ee formulz become too cumbersome for use in their general form. 


=a DISCUSSION. . , 


Prof. C. H. Benjamin. —During the past year I have conducted 
ome experiments on cast-iron cylinders, the results of which I 
‘alae at some future time to present.to the Society. 
So far the experiments go to prove that but little reliance can 
be placed on existing formulas for thin shells and cylinder walls. 
The uncertain nature of the material is always a disturbing 
factor, any little flaw or blow-hole which would otherwise be 
f a unnoticeable, serving as a starting point for a crack. 
The flanges of the cylinder seem to exert more influence than 
has commonly been allowed. 
In several instances the cylinder has cracked around a circum- 
ference near the flange instead of splitting longitudinally as it 
was expected to do, showing that on a cylinder of ordinary pro- 
the whole cylinder to splitting. 
The stretching of the bolts which held the heads was one of 
_ the serious practical difficulties, but it effectually disposed of the 
_ theory that the tension due to screwing up should be added to 
_ the tension due to internal pressure. 

Incidentally the experimenters learned nearly as much about 
the failings of various highly recommended packings as about the 
strength of cast-iron. 

Mr. C. W. Kettell.*—The engineering profession cannot fail to 
welcome any good and reliable experiments in the line of their 
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work, and the writer, therefore, hopes that Professor Benjamin will 
present to the Society at an early date the results of his labors. 
Formulas, however, will always have to be used more or less, 
because one cannot always subject a design to test until it has 
been actually carried out. But the use of formulas must always 
be governed by the sound judgment given by experience. 
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«THE WESTERN RIVER STEAMBOAT. 


BY WILLIAM H, BRYAN, ST. LOUIS, MO. 


(Member of the Society.) 


In a public address delivered in 1895 at a convention of 
engineers a distinguished speaker made use of the followin, 
language : 

_ “The advances in lake marine have been almost as great a 
aah fe those in ocean marine, but all this time our Western rivers ar 

ov ~ navigated by boats which differ little from those which ran 
upon them fifty years ago. They still have the wooden hulls, 
the long-stroke, high-pressure horizontal engine, the big sepa- 
_ rate side wheels, and the battery of small boilers; their machin- 
; ery is a little better than it was at first, the pressure they carr 
a little higher, but the changes are so slight as to be insignifi 
cant. The channels of the principal Western rivers are bein 
constantly improved under the direction of the general govern 
- ment, but as yet no response has been made to these improve- 
ments by the radical improvements which ought to come in the 
boats and their engines. Much is said of the decline of river 
business ; it has declined because land transportation has given 
better and cheaper facilities. Until the boats on the Western 
rivers make the same advance that other tools of transporta- 
tion have made, this business must continue to decline.” 

I rise to the defence of the Western river steamer. It seems 
_-proper that something be said in reply to such criticisms as 
these. 

_ There are some minor points in which the Western river 

_ steamer may be improved, but in its general design and con- 
struction it is admirably fitted for the peculiar work which it 
has todo. Considered, therefore, strictly from an engineering 
standpoint, it is a creditable structure. 
From my earliest days I have been closely associated with 


_ * Presented at the St. Louis meeting (May, 1896) of the American Society of 
_ Mechanical Engineers, and forming part of Volume XVII. of the Transactions. 
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THE WESTERN RIVER STEAMBOAT. 


river interests—I may almost say that I was raised upon the 


river—having filled every position on board a steamboat. from 
“roustabout” to master. With all due respect to the author 
of the remarks in question, I am satisfied that they are open to 
adverse criticism from the standpoint of personal experience 
and observation. 

The critic is mistaken in the implied statement that the con- 
struction which he criticises is still universal. There are many 
jron-hull steamers on the rivers; there are some short-stroke 
engines driving propellers. In many sections the stern-wheel 
boats have become more numerous than the side-wheelers. 
The machinery, while preserving the original characteristics, 
thas undergone many improvements in detail. He also over- 
estimates the improvements made by the general government. 
While the situation has been somewhat bettered in places, 
there has been no great improvement in the low-water channel 
as a whole—certainly not enough to warrant any radical changes 
in the construction of the steamers. 

He compares the advances which have been made in the 
ocean and lake marine with those on the Western rivers, very 
much to the disadvantage of the latter. He overlooks the fact, 
however, that the conditions of service are radically different, 
and these differences necessitate—in fact compel—differences in 
the character of the machinery. The boilers and engines of the 
magnificent ocean liners would be as much out of place, and 
would fare as disastrously, on the Western river steamer, as 
would the machinery of the latter if transferred to ocean ser- 
vice. Machinery essentially similar to that employed on the 
lakes has been tried many times on Western river steamers, 
Hundreds of thousands of dollars have been spent on experi- 
ments of this kind, and the result has always been failure. 
Even the vertical engine has been abandoned. Permit me, 
therefore, to repeat that—barring unimportant details—the ma- 
chinery of the Western river steamer is preéminently “the 
right thing in the right place.” 

The peculiar conditions of service which render necessary 
the characteristic types of machinery may be stated as follows: 

First. The necessity for light draught. For many months of 
the year—particularly in the upper rivers—the depth of channel 
is so low that every superfluous pound of weight must be done 

away with, in order that the boats may be as light draught as 
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possible. This compels the use of machinery which can be 
worked to the utmost per pound of weight. From this resultg 
the necessity of high pressures, single cylinders, and few com- 
plications. 

Second. Bad feed water. The steamers as a rule must use 
water for their boilers directly from the river, which water— 
particularly in the Mississippi and Missouri rivers—carries 
large amounts not only of mineral matter in solution, but of 
finely divided particles of mud in mechanical suspension, the 
latter sometimes running as high as one-half of one per cent. by 
weight. As neither sedimentation, filtration, nor surface con- 
densers are practicable, the boilers must be so constructed as 
to give satisfactory service with this water fed directly to them. 
The “battery of small boilers” usually found is, therefore, 
abundantly justified by the three conditions: getting the maxi- 
mum work out of a given weight, carrying high pressure, and 
using bad feed water. 

Third. Absolute reliability required. The channels are often 
narrow and crooked, and steamers must find their way on the 
darkest nights among shoals and snags and around short bends. 
The engines must always be under the quick and positive con- 
trol of the attendant, whether to change speed, stop, or reverse. 
It has been found that all improvements in the type of machin- 
ery necessarily increase the complications of parts, thereby les- 
sening the reliability of operation and increasing the likelihood 
of accident or derangement. 

Fourth, The necessity—common to all water craft—of having 
the machinery occupy as little space as possible, in order that 
the remaining room may be devoted to the carrying of profit- 
able cargoes, is nowhere more stongly emphasized than in the 
case of the Western river steamer. 

Fifth. Low fuel cost. Improvements in modern machinery 
are almost wholly in the direction of reducing fuel expenditures. 
After all, this is a relatively unimportant item, as it usually 
forms but a small percentage of the total expense of operating 
the steamer. Fuel can generally be purchased at short inter- 
-vals along the river, in abundant quantity, of excellent quality, 
and at a low price. The steamer need only carry enough fuel 
on board to carry her to the next point of supply. 

Siath. The question of first cost has, when added to the above 
points, helped to prevent the adoption of higher-priced machin- 
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ery. ‘The average lifé of a steamer is so short, the ratesofin- 
surance so high, and the period of employment during the season _ 7 
so limited, as to make it qenntive that the investment be 
kept at a minimum. 

Experiment has demonstrated that the saving in fuel due to 
improved machinery does not, as a rule, compensate for the 
drawbacks accompanying its use, such as increased weight, 
space occupied, greater first cost, and less reliability. “ 

Personally I am an advocate of the use of iron or steel hulls. _ 
They are already becoming common on Western rivers, and . 
would be used almost universally if the first cost were not so 
great. A few years ago the cost was about double that of — 
wooden hulls, but at the present low price of ironI believe the __ 
cost would be but little, if any, greater, if built in yards specially 
equipped with proper tools for the work. They certainly —_ 
to the steamer’s life, and reduce its draught. 

Long-stroke engines and side or stern wheels are necessary 
on account of the low depth of the channel. i 
Two forms of adjustable cut-offs have been introduced on the — 

standard poppett-valve engine in recent years with considerable | 
success, the “ California” or “ Cross,” and the “ Rees.” Instead — 
of the usual fixed cut-off of one-half, five-eighths, or three- he 
fourths, it is adjustable at any point throughout the entire 
length of stroke. While it is an excellent feature to be able to 

vary the point of cut-off at will, an early cut-off is not always’ ner 
desirable, as it necessitates larger cylinders, greater weight and — ee = 
first cost, to do the same work. Furthermore, the usual . 
wheel cannot be employed. This drawback is to some extent — 
remedied on stern-wheel steamers where the two engines are 


. 


coupled at right angles. I see no reason, however, why — 


some substitute for the fly-wheel—such, for instance, as the me a 


Worthington high-duty attachment—could not be employed © oh 
on side or even stern-wheel steamers, in connection with the a: 
adjustable cut-off, to great advantage. = 
I cannot agree with the critic that the decline of river trans- ae 
that the introduction of lake and ocean machinery mde 
rehabilitate river traffic. In my opinion it is due to other ane re 
discernible causes, and the remedy must be found in other 
directions. 
Accompanying this paper are some characteristic indicator _ 
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Fie, 80.—Rees cut-off. Pressure 157 pounds. Cylinders 154" x7’, 


bier 


the 


4 


——) 
Fie. 81.—Larboard Engine, ‘‘ Phil. E. Chappell.” Revs. 
98, Gauge 168, Scale 100. Cylinders, 12’ x 36”. 


Fie. 82.—Scale 100, Gauge 142, Same Steamer. Running 
full stroke, and also on ‘slow ” bell. 
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diagrams taken from Western river steamers; also detail 
drawings of characteristic steamboat engines with both “ Rees” 
and “California” cut-offs, which drawings have been cour- 
teously furnished, for the purposes of this paper, by the Missouri 
River Commission, United States Government, St. Louis. 

When compound engines have been used on the rivers the 
engineers soon learned the trick of bleeding a little live steam 
directly into the low-pressure cylinders, using as much steam 
this way as the boilers could make. This practice became 
almost universal, as the loss in fuel was more than made © 
up by the increased speed and the shortening of the time 


Fig, 88.—Port. cy]., Steamer ‘‘Octavia.” Steam 135, Rev. 
H.P. 201. 


between the terminals, which, on long trips, 


resulted in a PAG 
considerable reduction of general expenses. on 


Even were the condensing engine defensible from other points a ue 3 : | 


of view, the adding of say twelve pounds to a mean effective 
pressure of one hundred and twenty-five would usually be a 


gain so small as not to warrant the expense and complications ae 


necessary. On the lower river, however, where there is a deep- Ms eS 


water channel: for the greater part of the year, compound en- a ke 
gines with surface condensers furnishing distilled water for on ae 


boiler use, and thereby permitting improved types of boilers, 


might be entirely proper. Fuel is more expensive in this part ¥ 
of the country, and the saving on long runs may warrant the 
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Mr. George I. Rockwood.—I notice in the paper that the 
author seems to commend the practice of bleeding a little live 
steam into the low-pressure cylinder in order to get more speed 
out of the engine. Would he also approve of the practice of 
charging fat hams into the boiler furnace and seating members 
of the crew on the lever of the safety valve ? 

Mr. M. L. Holman.—As an older practitioner on the river, I 
will answer Mr. Rockwood’s question with the author’s permis- 
sion. The principal consideration for all hands in Mississippi 
navigation is to get up the river in the shortest possible time. 

Mr, William Kent.—The author’s paper seems to me a work 
of supererogation, since the Mississippi steamboat needs no 
defence before this Society. Since Mr. Sweeney read his paper 
in 1888 at our Nashville meeting, no one in this Society has 
ever attacked the Western river practice ; and he so completely 
answered those outside who may have criticised it that nothing 
more has ever been heard from them, until the address from 
which the author quotes on his opening page. We don’t need 
to be told how commendable it is. 

Mr. J. F. Holloway.—I desire to add something to what Mr. 
Bryan has said in his paper about the “Steamboats on the 
Western Rivers,” thus availing of the privilege of subsequently 
continuing a discussion which for want of time during the meet- 
ing was curtailed. It is often considered quite the thing, by 
many persons, to speak in a derogatory manner in reference to 
what has been accomplished in the West, especially in matters 
pertaining to engineering, and of the men there engaged therein, 
and this, too, without a full understanding of the circumstances 
under which the work was done, or the service which it was 
expected to perform. Any one familiar only with the steam- 
boats now in use on the Eastern rivers and Long Island Sound, 
and who had little or no acquaintance with the navigable rivers 
in the West, might, perhaps, be excused for any disparaging 
remarks they might be disposed to make when for the first time 
they see and: examine a “ Western river steamboat,” for the 
reason that, as the splendid boats with which they are familiar 
are the outgrowth of many years of change and improvement, 
they cannot understand why the Western steamboats have been 
exempt from similar changes, and why to-day they bear so close 
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a resemblance as they do, to the boats which floated on the 


i game waters thirty or forty years ago. Having several years 


ago had opportunities of observing navigation as conducted on 
the Ohio, Cumberland, Tennessee, and Mississippi Rivers, I 
- learned something of the difficulties with which the old-time 
engine builders and the builder of their hulls had to contend, 
and I also learned that as there had been no change in these 
rivers (except for the worse) since the early days when steam- 
‘driven boats first began there their struggles against strong 
currents, were swung around their abrupt bends, or -were 
dragged over their shallow bars, that there could be little or no 
change now made either in the hulls of the present boats or in 
the engines that propel them. To comprehend the reasons 
which govern the design and construction of steamboats for use 


on Western rivers, one should have an acquaintance with the 


rivers themselves. It would be an easy task to build a boat 
which would navigate them when their channels are filled 
with water to a depth of from twenty to fifty feet; it is quite 
another matter to make the same boats carry any considerable 
-eargo when these waters have fallen to a depth of from twenty 
to fifty inches, or even less. The apparent want of change or 
‘improvement in the construction of these river steamboats, and 
which in all respects are so unlike the changed and improved 
steamers which now float upon the deep Hudson or the adja- 
cent Sound, is not due to the stupidity or want of skill in the 
engineers and builders of the present, but is due rather to the 
skill and ingenuity of the engineers and builders of the past, 
who did their work so well that no considerable improve- 
is now possible. 

The problem of carrying the largest possible load on the shal- 
lowest water is one which permits of no question, either as to 
the model, or as to the construction of the boat as a whole. 
The model must be'one which will displace the largest amount 
of water for each foot, or inch, of submergence, within the limit 
of the length and beam given, and the hull must be made of the 
lightest, scantiest material possible, and still hold together. 
_ All such stiffening devices used in other hulls; and known as 
- main, centre, sister or side-keelsons, are unknown as such in the 
_ Western river steamboats, and indeed would be a disadvantage, 
_ as they would make the hull too stiff and rigid to allow of 


2 z being dragged over sand bars by the use of derrick spars, much 
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394 THE WESTERN RIVER STEAMBOAT. 
as a lame man makes progress by the aid of crutches under his 
arms. The economy of weight in the hull is also observable in 
the constructions of the cabin, whose stateroom partitions and 
other parts are all made up of the thinnest boards obtainable, and 
where the wood brackets, ornamental or otherwise, are examples 
of what a scroll saw can do and still leave something visible. 
In order to get the most power with the least weight, horizontal 
boilers having in them large return flues are used, which hold 
but little water, and whose small shells are made out of as light 
plate as can be used and pass inspection under the high pres- 
sure which they carry. 

Were it not that the water used in these boilers is often very 
muddy, other and still lighter types of boilers would no doubt 
be used. The same controlling conditions permit the use of 
non-condensing engines only, and as the steam cylinders of 
these engines are the heaviest part of the engine, they are sup- 
ported on long wooden frames or bed-plates, which rest upon 
the floor timbers of the boat, and are notched on them, and thus 
carry their weight much as one would use a long ladder to 
carry a weight over thin ice which otherwise would break under 
the load. The long wooden connecting rods, or “ pitmen,” as 
they are called on the Western rivers, are made out of the 
lightest, driest pine to be had, and are strapped on either side 
with the thinnest iron allowable, and they convey in a horizontal 
position the power of the steam cylinders to the cranks on the 
shafts of the side or stern wheels. These wooden “ pitmen” 
have long been a standing object for criticism, and a topic for 
ridicule with many “new engineers,” as a relic of engineering 
barbarism, and yet I fancy no possible combination resulting 
from engineering refinements can construct a substitute which 
will produce as good results in the same place, for anything 
like the same weight, stiffness, and cost. The valve gear of 
these engines, when compared with the elegant and exact 
devices employed on modern engines of the Corliss type, or 
those using elaborate and costly cams, or wipers, it must be 
confessed do look crude, inaccurate, and rough, and yet under 
conditions where the most refined modern valve gear would 
prove a lamentable failure, these old and crude devices are a 
success. The reason which induced the builders of engines for 
these Western river boats to adopt such peculiar construction 
could hardly be made clear without a careful description of 
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the hull of the boats, and of the varying conditions to which both 
engines and hulls are subjected, and under which they must 
operate. The steam cylinders are placed on foundations as unsta- 
ble as would bea raft, their alignment is varied by the addition or 
removal of every ton of freight which the boats carry when afloat, 
and they are further distorted in all directions when aground, or 
_ when the boats are being dragged over sand bars having several 
inches less of water on them than is required to float the hull. 
While the calm study of the machinery of a Western river 
steamboat while at rest would be an interesting object lesson 
to any one at all interested in such matters, it can only be seen 
at its best at a time when some rival boat is striving with it for 
_ “the broom,” and close behind is slowly gaining, with roaring 
_ furnaces and chimneys belching out vast volumes of thick 
black smoke; when all on board, from the pilot above to the 
fireman below, are worked up to the highest pitch of enthusi- 
asm, and when engines, boilers, engineers, and all concerned in 
the management of the boat are called upon to show the stuff 
which is in them. I know of no more exciting scene than was 


ae often to be witnessed in the days of the old famous river packets, 
which used to ply between New Orleans and the lower Ohio 


River ports; when a “ten-boiler boat” was trying to make a 
record, or take a wharf boat-landing away from some close fol- 
lowing rival steamer. To stand on the boiler deck at such a 
time on a big side-wheel boat, when in order to get ahead the 
pilot had made up his mind to close-shave a “ tow-head,” or 
_ take the dangerous chances of a new channel or a new “ cut- 
off,” and when all on board well knew the risk he was taking, 
and were standing by to help him through, or help themselves 
if he failed, was exciting to a degree. Then it was that the two 
most skilful and daring engineers were called on watch, and 
_ took their stand alongside of their respective engines, stripped 
like gladiators for a tussle which soon came as the clanging 
starboard bell rang out to “slow down,” and the hasty ringing 
of the “jingler” over the port engine meant “ crack it to her.” 
Then, as the bow of the big boat swung, all too slow to suit the 
emergency, or the impatience of the pilot, a stopping starboard 
bell would ring, quick followed by a backing one which set the 
engineer to wrestling with his “hooks,” one of which he hangs 
up with a cord, and the other he picks up seemingly from some- 
where on the platform. As the suddenly stopped and quivering 
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wheel in the swift-flowing current hangs for a moment poised 
on the centre, the engineer, grasping his ever-at-hand club of 
wood, quickly thrusts it between the uprising rocker arm and 
the lever that lifts the inlet poppet valve, to which widened 
opening of the steam-valve port the engine responds with a 
noise of escaping steam not unlike the roar of an enraged ele- 
phant when prodded with the iron hook of his keeper. The 
battle of the bells, thus begun, waxes more fierce as the excite- 
ment increases. There are bells to the right, and bells to the 
left, and amid their discordant jangle the engineers are working 
like mad as they clutch the throttle valve, open or close “ the 
bleeder,” hook her on “ahead,” or stop, and back, in such rapid 
succession as that soon neither they, nor any one else, can tell how 
far behind the bells of the pilot they are. Then soon, amid the 
wild roar of the pent-up steam as it rushes from out the safety- 
valve pipes, the exploding exhausts of the engines which at the 
end of each stroke sound as if a cylinder-head had blown off, 
and to which is added the shrill noise of the warning bell which 
calls to the firemen to “fling open the furnace doors,” there 
comes from out a huge trumpet-mouthed pipe above the head 
of the engineers, and which leads up to the pilot house, a hoarse 
shout, heard above all else, partaking alike of command, en- 
treaty, and adjectives, urging something or other to be done, 
and done quick, else the boat and all on board in a brief time 
will land in a place which by reason of the reputed entire 
absence of water could not well be called a “port” (and cer- 
tainly is no port mentioned in the boat’s manifests). This bat- 
tle of the bells, and irons, goes on until, if in a race, the rival boat 
is passed, or crowded on the bank, or the narrow channel 
widens out into the broad river, when the discordant jangle of 
bells gradually dies out, the tired engineer drops on the quiet- 
ing “cut-off hook,” lays by his emergency wooden club, and 
wiping the sweat from his heated brow, comes down from the 
footboard to catch a breath of the cool air which sweeps over 
the guards, and to formulate in his mind the story which 
he will have to tell of the race just over, or the perils just past. 
But the famous old-time flyers which before the war tore their 
way up and down through the muddy waters of these Western 
rivers are all gone, the marvellously skilled pilots of those days 
have gone too, who, through the darkest hours of the darkest 
nights, knew to within a few feet just where their boats were, 
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and what was on the right, or left, or beneath them which was 
to be shunned. The engineers, who, with a courage born and 
nurtured amid the vicissitudes of a backwoods life, and with 
an experience and skill the outgrowth of trials and dangers 
gone through, have also passed away, and to the generation of 
the present are unhonored and unknown, as are the men who 
designed and built the hulls, and the workmen who with crude 
and scant tools built for them the machinery they so well 
planned and handled. 

Who they were, and where they lie, is known to but few, if 
any. Did I but know their final resting-place, I would, like 
“Old Mortality,” wish to carve anew, and deep, the fading rec- 

_ords of their life and death, which time has so nearly obliter- 
ated, and to herald abroad the praise and honor due them as 
the designers, builders, and engineers of the old-time “ West- 
ern river steamboats.” 

Mr, William H. Bryan.*—I am much gratified to note that I 
have overestimated the extent to which recent unfavorable criti- 
cisms of the Western river steamer have met with credence and 
support. The standing of the writer of the article to which my 
opening paragraph referred, and of the Society before which it 
was presented, seemed to give it an importance which further 
investigation does not seem to have justified. In view of the 
lack of defenders of the original critic’s position, and the very 
general approval of the design of the Western river steamer by 
members of this Society—supposedly well competent to judge 
—I feel rather like apologizing for having supposed otherwise. . 


* Author’s closure, under the Rules. 7 
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‘THE EFFECT, UPON THE DIAGRA MS, OF LONG PIPE. 
CONNECTIONS FOR STEAM-ENGINE INDICATORS. 


, BY W. F. M. GOSS, LAFAYETTE, IND. 
THE experiments which serve as a basis for this paper were 
_ developed in the engineering laboratory of Purdue University 
by Mr. Paul W. Covert, t to whom, also, the writer is indebted 
many courtesies. 
The facts presented are grouped under several heads, as fol- 
lows: L, Purpose of the Work; II., Apparatus and Methods; 
Analysis of Results ; IV., Conclusions. 


The excellence of the modern steam-engine indicator, and a 
‘growing appreciation of its. value, have eperateds in recent years 
ve am greatly to extend its use. It serves the designer of a proposed 
engine by disclosing to him the performance of those already 

_ existing, its aid is a guide in the adjustment of the new engine, 

_ and its record is an important factor in a determination of the 

: The record of 

“the indicator is, also, shite accepted as conclusive in the settle- 

: BY ment of important matters of business, and in the development of 

interesting questions in science. It is well, therefore, that every 
st condition affecting its accuracy be known and appreciated. 

It is commonly assumed that any one understanding the 


But reliable results with the indicator are not obtained 
_ by chance, nor by dependence upon fine mechanism alone, but 


_ °* Presented at the St. Louis meeting (May, 1896) of the American Society of 

_ Mechanical Engineers, and forming part of Volume XVII. of the Transactions. 
an + Thesis—‘‘ Effect of Pipe Connections on the Form of Indicator Cards,” by 
Paul W. Covert, B.M.E., Purdue University, 1895. 


| action of the indicator is competent to apply it and to inter- 
: Ey. _ pret the results which it gives; and it is true that, viewing the 
--——s amstrument as an educational means, its widest us justifi 
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rather by an intelligent application of the instrument and by 
watchful and painstaking manipulation. As has been said of 
liberty, so it may be said of reliable indicator cards—their price 
is “ eternal vigilance.” In general, one is not justified in accept- 
ing a diagram as a basis for safe conclusions unless very much 
more is known about it than the information given by its 
outline. 

Errors in indicator diagrams may arise from several causes, 
one of which is the pipe connecting the indicator with the 
engine cylinder. It is admitted that, under the conditions of 
ordinary practice, the presence of the pipe does not constitute 
the most prolific source of error, but it can be shown that it 
does cause serious distortion in the form of the diagram, and 
it is believed that this fact merits more careful consideration 
than has heretofore been accorded to it. The writer has 
already called attention to the fact that in road tests of loco- 
motives, where the indicator is attached to a length of pipe 
sufficient to bring the instrument to the top of the valve box 
(a length. of 3; feet or more), a true card can be obtained cnly at 
slow speeds; and has shown that, for a speed of 300 revolutions 
per minute, the area of the diagram is likely to be in error as 
much as 17 per cent.* These early experiments were further 
used as the basis of a discussion concerning the precise character 
of the influence exerted by the pipe.t They have now been 
followed by a more extended series of experiments, the results 
of which are herewith presented. 


II. APPARATUS AND METHODS. 


All experiments were made in connection with a 7{-inch by 
15-inch Buckeye engine. The power of this engine was absorbed 
by an automatic friction brake, by means of which a very con- 
stant load was obtained. The head end of the engine cylinder 
was tapped with two holes (a and 3, Fig. 84), both in the same 
cross section, and hence equally exposed to the action of the 
steam in this end of the cylinder. One of these holes (a) was 
made to serve for the indicator 4, the cock of which was placed 
as close to the cylinder as possible. The hole 6 was made to 
receive one end of a U-shaped pipe, the other end of which 
entered a coupling fixed in the angle-platec. The cock of a 


* Proceedings of Western Railway Club, March, 1894, p. 257. 
+ American Machinist, January 25, 1894, p. 6. 
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second indicator, B, was screwed to this coupling. A single 
system of levers supplied the drum motion for both indicators. 
The closely-connected indicator, A, will hereafter be referred to 
as the “ cylinder-indicator,” and the cards obtained from it as 
“ cylinder-cards.” It is assumed that this indicator recorded 
the actual conditions of pressure existing in the cylinder. In 
like manner the indicator B will be referred to as the “ pipe- 
indicator,” and cards obtained from it as “pipe-cards.” It is 
assumed that this indicator gave a record which, when com- 
pared with that given by the cylinder-indicator, demonstrated 
the effect of the pipe. . 

The pipe fittings were all half-inch. A right-and-left coup- 
ling at d allowed the U-shaped section db to be removed at 
will and replaced by a similar section of different length. Pipe 
lengths of 5, 10, and 15 feet were used, length being measured 
from the outside of the cylinder wall to the end of the coupling 
under the cock of the pipe-indicator. The pipe and fittings 
were covered first with a wrapping of asbestos board, next with 
three-eighths of an inch of hair felt, and finally with an outside 
wrapping of cloth. It is to be noted that the bend in the pipe 
at fis easy, and that there is a continual rise in the pipe in its 
course from the cylinder to the indicator. Both indicators were 
always well warmed before cards were taken. A gauge between 
the throttle and the valve box was useful as an aid in securing 
constant pressure within the latter. In the tests herein de- 
scribed, however, the boiler pressure was kept constant as 
nearly as possible, and the throttle was generally “full open.” 

A pair of new Crosby indicators was set apart for this work, 
and while it will be shown that the value of the comparisons 
which were undertaken is not dependent upon a high degree 
of individual accuracy in the indicators, these instruments, 
when calibrated under steam, gave results which were nearly 
identical. 

The results, which are presented in the form of diagrams 
(Figs. 85, 86, 87, etc.), were obtained in the following manner : 

The engine having been run for a considerable period, and 
the desired conditions as to pressure, speed, and cut-off having 
been obtained, cards were taken simultaneously from the cylin- 
der and the pipe-indicator. Two pairs of cards (i.¢., two from 
cylinder and two from pipe) were thus taken as rapidly as con- 
venient, after which the position of the indicators was reversed, 
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\ The speed (200 revolutions per minute), the steam pressure (80 pounds) and 
the cut-off (approximately \ stroke), were constant for all diagrams on this 
page. 
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and the work repeated. There were thus obtained four cylin; 
der-cards and four pipe-cards, one-half of each set having been = 
made by one of the indicators, and one-half by the other. Next, 
by the use of closely-drawn ordinates the four cylinder-cards 
were averaged and combined in the form of a single card, and — 
the four pipe-cards were in the same way combined to forma — 
single pipe-card. The two typical cards thus obtained, super- =» —> 
imposed as in Fig. 85, constituted the record of the test. This 
process was repeated for each of the several conditions under 
which tests were made. Itis proper to add that the accuracy | 
of the indicators used, and the constancy of the conditions 
maintained, were such as to make each card almost, if not quite, 
the exact duplicate of the representative of its set. 
The diagrams presented are full sized, the spring f for all being ; 


III. Anatysis of RESULTS. 


Different Lengths of Pipe.—The effects produced by the use 
of pipes between the indicator and the engine cylinder, of five, me 
ten, and fifteen feet in length, are shown in Figs. 85, 86, and 87 — 
respectively, the speed, steam pressure, and cut-off being con- 
stant. As noted upon the figures, the full outline represents 
the cylinder-card, and the dotted outline the pipe-card. ark 

It would seem that, under the conditions stated, the form of aot 
cylinder-cards in the figures referred to should be nearly the Pe! 
same, whereas the figures show them to vary considerably. It 
will be well to omit, for the present, all discussion concerning 
the causes of these differences, and to accept the eylinder- ns: 
card in each case as representing the true conditions within the = — 
cylinder. 

By reference first to Fig. 85, it will be seen that the effect of a aaa 
five-foot pipe is to make the indicator attached to it a little tardy - . 
in its action. Thus, during exhaust, when for a considerable $= 
interval of time the change of pressure to be recorded is slight, re fo 
the lines from the two indicators agree ; but during the com- om % 
pression which follows, the loss of sensitiveness in the pipe-indi- so a 
cator is made evident by its giving a line which falls below the __ 
corresponding line traced by the cylinder-indicator. Similarly, a a 
during admission there is an approximate agreement, while dur- 
ing the expansion which follows, the lagging of the pipe-indicator — :. ee 
results in a line which is higher than the expansion line given 
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by the cylinder-indicator. As a result of this lagging in the 
action of the pipe-indicator, its card is in error in the location 
and curvature of the expansion and compression curves ; also in 
the location of the events of the stroke, and in the area which it 
presents. The speed at which these errors are shown to occur 
is moderate (200 revolutions), and the length of pipe attached 
to the indicator is not greater than is often used. 

The general effect of a ten-foot length of pipe (Fig. 86) is the 
same with that of the shorter length, but the lagging action due 
to the pipe is more pronounced, and all errors are proportion- 
ately greater. In this case, also, the admission and exhaust 
lines fail to agree, the total range of pressure recorded upon 
the cards being less than the range existing in the cylinder. 

A still further addition to the length of the pipe brings 
changes (Fig. 87) into the form of the pipe-card diagram which, 
while entirely in harmony with those already discussed, are of 
such magnitude that the form of the card loses some of its char- 
acteristic features. The admission and expansion lines are 
lower, and i the exhaust line is higher, than are the corresponding 
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lines for the true card. Reference to Table I. will show that 
while cards from pipes of five and ten feet in length present an 
area greater than that of the true card, the card in question 
(Fig. 87) from a fifteen-foot length of pipe makes the area less. 

A comparison of the pipe-cards, Figs. 85, 86, 87, makes it 
evident that a pipe of suitable length would result in a diagram 
somewhat similar in form to that shown by Fig. 88; a pipe still 
longer would give a card which would be represented by a single 
line, as AB, Fig. 88. 

Various gimerical results from Figs. 85, 86, and 87 are ex- 
hibited in Table I. 

It is true that the lengths of some of the pipes experimented 
with are excessive as compared with those commonly used for 
the connection of indicators, but this fact does not deprive the 
results of their significance. If pipes of fifteen, ten, and five 
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feet in length will produce the.effects shown by Figs, 87, 86, and 
85, respectively, it is but reasonable to suppose that pipes of 
less than five feet in length will produce some effect. And, since 
the effect of a five-foot pipe is considerable, this length must be _ 
greatly reduced before the effect ceases to be measurable. 

It will be shown later that differences of speed have less effect 
than would be supposed in modifying the form of the pipe-card ; 
that even with a speed as low as 100 revolutions per minute, the | 
effect of the pipe is strikingly apparent. It will be shown, also, | 
that the point of cut-off chosen for the whole series now under 
consideration (Figs. 85, 86, and 87) is not especially favorable 
for showing the modifying effect of the pipe. These considera- _ 
tions, together with the fact that indicator-pipes of three and 
four feet in length are not uncommon, all serve to emphasize _ 
the practical value of the effects noted. : 

The Form of the Cylinder-Diagrams.—It may be well at this 
point to consider the causes tending to change the form of the 
cylinder-diagrams as they appear in the different figures (Figs. _ 
85, 86, and 87), and to consider the evidence which justifies their _ 
acceptance as true diagrams., A study of the diagrams and data _ 
will make it evident that the differences are due whollytoa | 
change in the length of the pipe. This single change, however, 
introduces an incidental change (1) in the clearance, (2) in the 
extent of surface exposed to the action of the steam, and (3) in 7 ; 
the velocity of flow in and out of the pipe at the point of its 
connection with the cylinder. 

The effect produced by the several pipes upon the clearance 
of the engine, is given below : 


Cylinder and port clearance, per cent. of platen 


Total clearance with 5-ft. pipe in place, per cent. of piston displacement. . 


The area of surface bounding the clearance space was affected — 
by the pipes as follows: 


Surface bounding clearance space, no pipeattached................ 131.4 sq. in. 
when 5-ft. pipe was in place... 250.2 

486.0 
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Increased clearance would lower the pressure at the end of 
compression, and would change the curvature of the compres. 
sion line; but it would not make the compression line as it 
appears in Fig. 87. 

The larger exposed surface would increase the effect due to 
the interchange of heat between the steam and the walls in- 
closing it. If it be assumed that, during the early stages of 
compression, this interchange results in re-evaporation, and 
during the later stages in condensation, the sum total of the 
effect would be in line with that recorded. Such an assumption 
is reasonable, and such an action may in part account for the 
change under discussion, but it is not likely that the extent of 
this action is so great as the indicator has recorded. 

By far the most active agent tending to reduce the curved 
compression line of Fig. 85 to the straight line of Fig. 87 is that 
of motion due to the flow of steam in and out of the mouth of 
the pipe. Thus, when compression begins in the cylinder, the 
pressure at the pipe-indicator is greater than that in the cylin- 
der (see Fig. 87), and steam must flow from the pipe to the cylin- 
der. This current of steam entering the cylinder just when the 
mixture of steam and water already there is undergoing the early 
stages of compression, helps to augment the cylinder pressure, 
and to carry the early part of the compression line higher than 
it would otherwise go. As the process of compression goes on, 
the current in the pipe is reversed, and the cylinder supplies 
steam to the pipe, thus causing the curve for this portion of the 
event to fall lower than it otherwise would. Increased curvature 
during the early stages and diminished curvature during the later 
stages result in a line which is approximately straight (Fig. 87). 

Similar reasoning will account for the rapid drop in pressure 
after cut-off (cylinder-card Fig. 87). At the instant of cut-off the 
cylinder is supplying steam to the pipe. The flow is rapid, and 
the kinetic energy of the steam causes it to pile up in the pipe; 
and although as the stroke advances this pressure is constantly 
decreasing, the pipe continues throughout expansion to hold a 
higher pressure than that contained by the cylinder. 

It is obvious that the pressure is not the same at the two ends 
of the pipe, except for points indicated by the crossing of the 
lines, as at a, b, and c (Fig. 87), and that the difference of pressure 
shown at other points is quite sufficient to account for the pro- 
nounced change in the cylinder-diagram when pipes of different 
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lengths are used. The existence of these differences in the form 
of the cylinder-diagram does not in any way affect the results 
which this paper is designed to present. All cylinder-cards may 
be accepted as true, and the fact that they are not all alike does 
not diminish their value, but rather emphasizes the importance 
of this whole subject. . 

The Effect of the Pipe at Different Speeds.—The effects thus far 


discussed are those recorded for a constant speed of 200 revo- 


lutions per minute. In considering to what extent changes of 


speed will modify these results, reference should be made to 


Figs. 89, 90, and 91, which give a series of results for which all 


conditions were constant except that of speed. Numerical com- 


parisons may be made from Table I. It will be seen that — 


increase of speed produces modifications in the form of the pipe- 
diagrams which, in kind, are similar to those produced at con- 
stant speed by increasing the length of the pipe, but these 
changes are not great. For example, increasing the speed from 
100 to 200 revolutions per minute (Figs. 89 and 90) produces less 
change than increasing the length of the pipe from five to ten feet 
(Figs. 85 and 86). The fact that an engine runs slowly, there- 
fore, does not seem to justify the use of an indicator at the end 
of a considerable length of pipe. Slow running reduces the 
error; it cannot be depended upon to eliminate it entirely. 

The Effect of the Pipe at Different Cut-offs—The relative effect 
of the pipe at different cut-offs, other conditions being constant, 


is shown by Figs. 92, 93, and 94, and numerically by Table I. It _ 


will be seen that the differences of pressure recorded during 


mately the same for all cut-offs ; but the relative effect of these 
differences upon the area of the diagram is most pronounced upon 


the smallest, or shortest, cut-off card. The fact that in Fig. 94 _ 


~ 


_ expansion by the two indicators (pipe and cylinder) are approxi- ees 


the steam line on the pipe-card rises while that of the cylinder- __ be 


card declines, constitutes a good illustration of the slowness with — ; 


which the pressure in the pipe responds to that in the cylinder. — & 
Comparisons have been made from tests run under still other — ie 


conditions, and all conclusions thus reached have been consis- 


tent with those presented. This whole plan of work was out-_ 


lined with the expectation of securing such data as would permit 
a complete analysis of the effects produced by a pipe. But the 
results show that these effects are modified by so many different 


conditions that their precise character cannot be safely predicted. __ 
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100 REVOLUTIONS PER MINUTE. 

Pipe card 


200 REVOLUTIONS PER MINUTE. 
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NotTe:— 
\ The steam pressure (80 pounds), the length of pipe (10 feet) and the cut- off 


(approximately 4 stroke), were constant for all diagrams on this page. 
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7 a a distorted pipe-diagram to a form which would correctly rep- 

_ resent the relation of pressure and volume within the cylinder, 


the number of its terms would be so great, and its form so com- | 
plicated, that the expression would have no practical value. OMS 


TABLE I. 


PRESSURES. Stzam Con- 
2 AppaRENT | Excess (+) on DEFICIENCY (—) SHOWN BY PIPE | suMPTION PER eS 
3 CuT-oFF. HorsE-POWER 
Excess PER HovuR, 
| SHowN BY Excess(+)oR 
= Prive At the DEFICIENCY 
Po F GRAM. At Cut-off. | At Release. | Beginning of | M. E. P. ASSHOWNBY 
| | Compression. Pire Diagram. 
1 2 8.0 | 11.5 | —1.3) —2.2, 0.0) 0.0) —0.1 —5.6| +1.2) +3.7| —0.1 
2 3 6.8 | 243 | —2.8) —4.8) +2.1/+18.0) +0.2 +9.2) 42.7) +8.5) —0.4 —1.7 
3 4 | 10.0 | 38.4 | —5.1) —9.8) +6.5)+57.7| +4.0) +200 0) —i 5) —5.0) +11.7 +45.9 
4 | 6 | 4.0] 16.6 | +1.1| +2.01 -0.5| 46.0] +8.0| +8.8} -2.0| -7.2 
5 7.5 | 27.7 | —2.8) —4.8) +2.1/+18.0) +0.2 +9.2) +2.2) +6.6) —0.4 —1.7 
6 8 6.8 | 26.7 | —3.0 +2.3/ +24.3 —9.0) +5.3)+18.7| —1.0 —4.2 
9 8.3 | 25.4 | +38.5] +6.7; 0.0} 0.0] 0.0 0.0) +6.5)4+35.3) +11.5 +47.9 
8 10 7.0 | 25.9 | —2.8) —4.8 4+2.1/+18.0) +0.2 +9.2| +4.2)+12.8) —0.4 —1.7 
9 ll 2.3) 6.5 | +6.0/4+10.3) +3.0)/+18.2) +1.0) +50.0) +1.4) +3.4, -—6.8| —238.6 


All percentage values are based on results from cylinder-diagrams. For example, in test No. 4 
the pressure at cut-off shown by pipe-card is 2 per cent. in excess of that shown by the cylinder or 
true card ; the pressure at release by the pipe-card is 3.7 per cent. less than by the true card ; the 
pressure at the beginning of compression by the pipe-card is 6 per cent. greater than by the true 
card; and the mean effective pressure by the pipe-card is 8 8 per cent. greater than by the true card. 


TV. Conciusions. 


The following conclusions constitute a summary of the data 
already presented : 

1. If an indicator is to be relied upon to give a true record of 
the varying pressures and volumes within an engine cylinder, its 
connection therewith must be direct and very short. 

2. Any pipe connection between an itdicator and an engine 
cylinder is likely to affect the action of the indicator ; under 
ordinary conditions of speed and pressure, a very short length 
of pipe may produce a measurable effect in the diagram, and a 
length of three feet or more may be sufficient to render the cards 
valueless except for rough or approximate work. 

3. In general, the effect of the pipe is to retard the pencil 
action of the indicator attached to it. 

4. Other conditions being equal, the effects produced by a 
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Cylinder card 


CUT-OFF % STROKE. 
if ‘ 

Pipe card 
“s Cylinder card 


CUT-OFF STROKE. 


Pipe card aa + 


th. 


Fie. 94. 
NorTe:— 


The cut-off as given above is approximate. The steam pressure (80 pounds), 
the speed (200 revolutions per minute) and the length of pipe (10 feet), were 
constant for all diagrams on this page. 
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_ pipe between an indicator and an engine cylinder become more 
pronounced as the. speed of the engine is increased. 

5. Modifications in the form of the diagram resulting from 
the presence of a pipe, are proportionally greater for short 
cut-off cards than for those of longer cut-off, other things 
being equal. 

_ 6. Events of the stroke (cut-off, release, beginning of com- 
_ pression) are recorded, by an indicator attached to a pipe, later 
than the actual occurrence of the events in the cylinder. 


4 
4 ‘Atmospheric line 


Atmospheric line 


Atmospheric line 


Atmospheric line 


Fie. 95. 


7. As recorded by an indicator attached to a pipe, pressures 
during the greater part of expansion are higher, and during 
compression are lower, than the actual pressures existing in 
the cylinder. 

8. The area of diagrams made by an indicator attached to a 
pipe, may be greater or less than the area of the true card, 
depending upon the length of the pipe; for lengths such as are 
ordinarily used, the area of the pipe-cards will be greater than 


a 
3 
4 
¢ 4 = 
WE 
4 
Be be 
pap i 
4 
he 


412 EFFECT OF LONG PIPE-CONNECTIONS FOR INDICATORS. 


9. Within limits, the indicated power of the engine is increased 
by increasing the length of the indicator pipe. 

10. Conclusions concerning the character of the expansion or 
compression curves, or concerning changes in the quality of the 
mixture in the cylinder during expansion or compression, are 
unreliable when based upon cards obtained from indicators 
attached to the cylinder through the medium of a pipe, even 
though the pipe is short. 


Atmospheric line 


< Atmospheric line 


Atmospheric line 


NO. 7. 
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Mr. Alert F. Hall.—The accompanying copies of indicator 
cards, Figs. 95 and 96, showing the effect of excessive throttling 
of the indicator cock, may be of some interest in connection with 
Mr. Goss’s paper. They were taken from a single-acting vertical 
air pump, the greatest closing of the cock occurring in No. 1 
Fig. 95. It is interesting to notice the reversal of the curves 
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STRUCTURAL STEEL FLY-WHEELS. 


BY THOMAS E. MURRAY, ALBANY, N. Y. “Hei 


(Member of the Society.) ‘ 


Wiru the increasing use of large and fast-running engines in 
the generation of electric power, the problem of providing fly- 
wheels which shall not be liable to bursting is one of great and 
growing importance to the mechanical engineer. This is espe- 
cially so because large power stations are usually and necessarily 
located in the central and crowded sections of cities, where any 
accident is liable to cause much loss of life and the destruction 
of much valuable property. That large iron castings are unre- 
liable, when subjected to sudden and severe strains, is recognized 
by all. It is evident that cast-iron fly-wheels have reached the 
limit of development, and it is doubtful if much further improve- 
ment is to be expected in them. The frequent accidents to large 
wheels of this type show that there must be some radical 
change in construction in order to make wheels which shall be 
free from danger of bursting by centrifugal force. 

With the cheaper production of steel, the latter metal, in nearly 
every branch of mechanical industry, has taken the place of cast 
iron, and the object of this paper is to describe a novel applica- 
tion of steel plates as a substitute for cast iron in fly-wheels. 

The engine for which this new wheel was designed and made 
was one of a pair in the power house of the Albany Railway at 
Albany, N. Y. 

The former cast-iron wheel which it replaced and which 
was twenty feet in diameter by fifty inches face, and weighing 
fifty thousand pounds, burst, causing considerable damage. It 
was connected to a twenty-inch by thirty-six-inch by forty-eight- 
inch tandem compound engine, and was belted to a forty-eight- 
inch pulley located on a 500 Kilowatt generator. 

Running under normal conditions this engine made seventy- 


* Presented at the St. Louis meeting (May, 1896) of the American Society of 
Mechanical Engineers, and forming part of Volume XVII. of the Transactions. 
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STRUCTURAL STEEL FLY-WHEELS. 


two revolutions per minute. At the time of the accident, the 
speed of the engine (according to statements given at the time, 
and from computations made from the distances that portions of : 
the wheel were thrown) was far beyond the conditions of every- 
day practice. 


accident, or the acceleration in speed, but his faith in ened 
fly-wheels was considerably shaken, and to replace the broken ~ 
wheel he naturally looked for something better and of different 
material, which would stand the very high rate of speed and 
have a greater factor of safety, and, at the same time, locate the ce 
weight in the wheel where the best results would be accom- _ & 
plished. 

As some balance wheels had been constructed of structuralsteel  __ 
with good results, the writer looked for a belted wheel of the same 
material, but was unable to locate any which had been built,and = 
accordingly designed a wheel as per the accompanying drawing, __ 


STEEL PLate BELT WHEEL 


Thomas E. Murray, 
Harry E. Campbell, 


ey | 


4 


Fie. 97. 

and an order was placed for two wheels with Harry E.Campbell, 

of the Albany Construction Works. 4 
(It may be well to say here that the wheel was not ledanett ¥ 

- to run at seventy-two revolutions per minute, or at any stated 

, factor of safety, but the construction was of the strongest 

is Pee at a moderate cost. I am weil aware that certain parts” 
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STEEL FLY- 


of the wheel are much stronger than others, as, for instance, the 
hub and disks which take the place of the arms or spokes.) 


DESCRIPTION OF WHEEL. 


The steel was of a grade known as “shell-steel,” open-hearth 
_ process, and of 60,000 pounds tensile strength, and great care 
was used to have grain, in the direction in which the plates were 
rolled, placed in position so as to give the greatest strength. 
- All rivets used were Burden’s best, and were of two sizes; 
namely, one and one-quarter inches, and three-quarters of an 
inch in diameter. 
HUB. 
The hub is described as follows : Six ?-inch disks were sheared 
- 36 inches in diameter, and fourteen, 48 inches in diameter; and 
these plates, together with the cast-iron separator or spider, 23 
inches long by 48 inches in diameter, composed the hub, and 
were assembled as follows : Two sets, composed of three 36-inch 
and three 48-inch disks each, were drilled for 32 countersunk 
rivets, and after being securely clamped to tight joints, were 
riveted together, making two hub sections for outer part of wheel 
hub, each 43 inches thick, and these were bored to a “driving 
fit” to shaft; two sets of four disks each were secured together 
and bored in same manner for inside sections of hub, giving a 
steel bearing on shaft of 15 inches. The casting or spider, weigh- 
ing 2,700 pounds, was bored to a close fit and placed on shaft. 
This casting was faced on ends and cored for thirty-two 1,',-inch 
hub bolts and provision made for keys. The four steel hub 
sections were next clamped together and bored for the 32 steel 
bolts. The two sections, 48 inches by 3 inches, were driven on 
the shaft, one against each end of spider, and one of the 36-inch by 
48-inch by 43-inch started on each end of shaft and driven past 
bearings, after which the shaft was set in position in bearing. 

Each part of hub was faced to right angles with bore. _ Bi 


DISKS. 


Two dished webs were formed, 19 feet 6% inches in diameter, 
each composed of two layers of j-inch plate, and each layer 
having 16 sections, making 64 plates in all. These plates were 
drilled so as to have all joints broken. Said rivet holes were’ 
3 inches on centres, staggered, and four lines of holes running 
lengthways of plate. The small ends of plates were heated and 
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bent on a form to right angle to shaft, and each drilled for two 
1,5; hub bolts. The rim ends of plates were drilled for two lines 
of rivets, and in such a manner as to properly secure segments 
of 6-inch by 6-inch by 43-inch angle irons. These plates were 
next connected between inside and outside hub steel plates, 
sections forming two complete dished disks which were 2 inches 
apart at rim, and 29 inches apart at hub. Thirty-two 5-inch by 
{-inch steel bars were fitted one over each outside joint of disk 
plates with hub end bent, and rim ends formed two right angles 
with centre of wheel, or parallel with shaft. This end was bent 
to secure rim in connection with angles, and were each drilled 
‘for two 1j-inch rivets. Great care was used in making these 
bends, and sharp angles were avoided. All bars were drilled 
from a template. After the bars and plates were assembled in 
position, with temporary bolts, the hub was bolted together 
with bolts passing entirely through hub and disks and drawn 
close and firmly together, each bolt passing through 2 bars, 4 
plates, and all parts of hub. Between the outer edges of disks 
a cast-iron filler ring was placed and all bolted temporarily to- 
gether. As all parts were drilled to templates, the work proved | 
true and in line. The riveting was done from the outside with 
one man inside holding on and taking the hot rivets through a 


man-hole left for that purpose. 


The manner of constructing rim was as follows: eight 32-inch 
by 3-inch plates were rolled to form a circle, and riveted to, and 
with joints over, the 5-inch by j-inch bars. Over these plates 
another layer of 40-inch by §-inch plates, in sixteen parts, was 
placed with joints broken over the first layer. The 6-inch by 
6:inch by 3-inch angle irons were next formed, and securely 
riveted and bolted to disks, and also through both rim plates, 
with countersunk rivets. The 3-inch and }-inch plates were also 
riveted together, rivets 4-inch centres. Another layer of §-inch 
plate, 50 inches wide, was next riveted on. This was also cold 
rolled, and the last or face sheet, 50-inch by j-inch, was rolled 
hot and riveted on. The countersink of last sheet was almost its 
full thickness ; sixty-four 11-inch rivets were driven through the 
5-inch by j-inch bars and all rim plates, connecting all plates 
and disks. The wheel was then keyed to shaft with two cast- 
steel keys, one driven from each side of hub; and without turn- 
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ing or facing the wheel in any way, the belt was put on and the 
wheel put to work. The belt remained in centre of wheel, and 
has been running two months. There are three points in the 
diameter of wheel which buckles in plate, due to heating, raised 
#; of an inch out of true, but the balance of wheel is prac- 
tically true and in line with shaft. The wheel will be turned 
later. The weight of is 57,930 pounds, distributed as 


In calculating the strength of this wheel we need not begin at 
the hub and figure out every part as in a cast-iron arm-wheel. 
It is enough to know its strength at the weakest point, which is 
undoubtedly the outer layer of rim plates; as those plates must 
leave the wheel before any other part could give way. 

Kach of these plates weighs 590 pounds, and the direct cen- 
trifugal force on each plate, tending to hurl it off the wheel, is, 


according to Haswell’s formula: 


 F=W 5, = = = 11,725 pounds nearly. 


But these plates are held in position by rivets having a total 
area of 20.75 square inches, which at a strain of 15,000 pounds 
per square inch would carry 311,250 pounds. 


ee Then the factor of safety = eo = = 26 nearly. ne 


I regard the device of making the disks or webs dished, on the 
same principle as a bicycle wheel, as the most important feature 
of this wheel, and I believe it could be applied with success to , 
broad-faced wheels for mill work by using double pairs of disks, 
and also to balance wheels, such as are used with direct con- 
nected engines for the generation of electric light or power. __ 


DISCUSSION. 


Mr. William Kent.—I can scarcely agree with the way-of cal- 
culating the factor of safety on page 417. A strain of 15,000 
pounds per square inch is given for rivets. Surely the rivets 
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a ; would have a maximum strength of 45,000—three times as much 
_ —and the factor of safety would be three times what is given in 


the paper. 

Mr. Murray also regards the device of making the webs 
dished on the same principle as the spokes of a bicycle as one 
of the most important features of this wheel. I would like to 
know what effect the dishing has. I always understood that 
the dishing of a wheel in bicycles and other vehicles was to 
resist the transverse strain which would come sidewise on the 
rim when the wheel is run over stones and the like. But 
strains on a fly-wheel from centrifugal force are entirely radial. 
Why would not this wheel be just as good if the side plates 
were parallel and radial? 

Mr. Gus C. Henning.—I think that only those mechanics who 
would commend the use of 1} rivets would be likely to approve 
working strains of 15,000 pounds to the square inch. Such 
rivets cannot be driven properly, in my experience, but their 
heads are simply somewhat upset. 

The author states his care to use the material carefully “in 
the direction of the grain ” in the case of open-hearth steel. It 
is one of the great advantages of steel that it has no grain in 
the sense which iron has, and it occurs to me that the makers 
of open-hearth steel would be not a little surprised to be told 
that their material should be used with regard to this pecu- 
liarity. 

Mr. H. H. Supice.—This wheel suggests to me some acquaint- 
ance which I had ten or twelve years ago with the subject of 
wrought-iron wheels for high-speed uses in large band-saw 
mills. These band-saw wheels were of 7, 8, or 9 feet in diam- 
eter, running at 250 to 300 revolutions a minute, and they would 
not stand if made of cast iron. They had fluctuating strains 
upon them, the centrifugal force due to the high speed, and the 
crushing force from very high tension on the band-saw blade. 
The saw had to be strained so tant that cast-iron wheels were 
crushed, while the high speed occasionally caused accidents 
from centrifugal force. To avoid those a wrought-iron wheel 
was: designed. It was not greatly different from this in con- 
struction except that it was made with rods for arms. The 
great point there was to have the upper wheel as light as possi- 
ble consistent with strength, to avoid the fly-wheel action, and 
to make the lower wheel heavy in order to secure this fly-wheel 
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action, otherwise the saw is apt to be broken. ‘The slightest ten- 
dency for the upper wheel to overrun will make a slight buckle — [9 
and the saw will snap. But by making the wheels as above __ 
described, the lower one acted as a fly-wheel and prevented the 
check of speed below; while the upper wheel, being light, 
yielded to any such corrective action and the saws did not — 
break. Those wheels were made with a cast-iron hub, long — 
enough to allow the spokes to be staggered. The rim had wood | os 
and rubber put on the outside merely to make a bedding for 
the saw. I have frequently compared and tested wheels of that _ 
sort, 9 feet in diameter, running 300 revolutions a minute, and _ 
they were afterwards tried by the severe test of practical use in — 
saw mills, and they never have been known to fail. Ihave often _ 
_ wondered why they have not been used for fly-wheels. nt 
Mr. John B. Blood.—This matter of built-up fly-wheels first _ 
came to my notice by the destruction of the cast-iron Amos- _ 
keag wheel at Manchester, N. H. They constructed then the 
wooden built-up wheel which Mr. Manning has described . 
before the Society.* I think it is running there to-day. In 
wood, of course, they have to have a great deal more bulk ; but 


Me inasmuch as that was a belt wheel, it did not make so much 
difference, as they had the broad rim. I think the bicycle point. 
comes in with reference to belted wheels, so that where the pull 
is slightly eccentric for any reason it will not get out of line. 


_ Three of these built-up wheels have been put in the East Boston. 
- station of the West End Road, with 300-kilowatt electric. 


generators. They are built on the design for a fly-wheel to be 


used without a-belt, and the laminew of the rim are placed. 


=. perpendicular instead of parallel to the axis. The wheels, as: 


built there, have a great many less rivets; and indeed I think 
that a wheel can be built with a great many less rivets in than 
the one in hand. 

Another point comes in here which I have had to take up: 
with built-up laminated rings, if the sections are in num- 
ber odd, and the lamine are equal to twice the number of 
sections, once around will pass by a half section, and it will give 
twice the number of broken joints with the given length of 
lamine. 


Another thing, I think if the wheel is built up in that 


* Transactions of the American Society of Mechanical Engineers, vol. xiii., 
28 
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way—that is, with lamine perpendicular instead of parallel 
to the axis—if they were dovetailed in the ends as well ag 
riveted, that it would be an improvement in the design of the 
wheel. 

Mr. Thomas E. Mur i *_The 1j-inch rivets which Mr. 
Henning criticises were 5 inches long; the steel through which 


they passed 33 inches; the countersink was } inch deep; 


the angle of base 40 degrees; the hole 1,5; inches, and when 
driven they were finished flush with sheets. Now, if they only 
upset at the head, what became of the rest of the rivet? These 
rivets were driven with sledges, : and being so large, they retained 
the heat long enough to give sufficient time to properly upset 
them. My experience leads me to believe 1j-inch rivets can be 
just as well set up as those of smaller sizes, if properly heated. 
As experiences seem to differ in this case, might not the skill of 
the driver have something to do with the matter ? 

In regard to the grain in steel, all engineers understand that 
there is a vast difference between it and iron; but that steel has 
a difference in properties lengthwise and crosswise to the direc- 
tion in which it is rolled, and which corresponds to a grain 
which is not visible to the eye, is undoubtedly the case, and can 
be found at all times in plates. 

I will give as an authority on this question an extract from 
the specifications for steel plates for battle-ships 5 and 6, U. 8S. 
Navy, which reads : 

“Test specimens must show a tensile strength between 65,000 
and 73,000 pounds per square inch, with an elongation of at least 
22 per cent. in eight inches in the case of transverse specimens, 
and at least 24 per cent. in eight inches in the case of longi- 
tudinal specimens,” etc., ete. 

Mr. Kent considers 45,000 pounds the maximum strength of 
rivets per square inch. Thisis undoubtedly the case ordinarily ; 
but when the strain is directly on the head, and the tension due 
to shrinkage has occurred, I believe any engineer familiar with 
structural work will agree with me that 15,000 pounds is all that 
can be safely relied upon. 

I regard the dished disks an important feature of the wheel, 
because a successful wheel must necessarily be rigid, and where 
an end pressure on the plates occurs, as in a belted wheel, a 


* Author’s cJosure, under the Rules. i 
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curved plate will certainly withstand many times the compres- 
sion of a flat. Again, it has been proven in practice that it is 
very difficult to form and finish two parallel plates in a wheel __ 
and keep them true and without’ a wabble; while two dished __ 
disks, if accurately formed and drilled, will undoubtedly draw 
themselves to a perfect circle. Again, these plates are braced — 
in such a manner as to make a very rigid structure with much | 
less material than parallel plates would require, thereby throw- | 
ing the additional weight in the rim, where the weight properly ie 
belongs. 
No doubt the wheel can be built with less rivets, but a few 
hundred rivets is a very small additional expense, when the 
benefit derived is considered. I believe I covered Mr. Blood’s 
suggestion by having the layer sections of different lengths— — se 
that is, the first plate to reach three of the joint bars, while the —_ 
next layer of plates reached to but two. 
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A: CLASSIFICATION AND CATALOGUE SYSTEM FOR 


(Member of the Society.) he 


Ir became necessary, in 1895, for the writer to decide upon 
the system which should be used in classifying and cataloguing 
the rapidly growing library of the American Society of Mechan- 
ical Engineers. Under the impression that the result of his 
thought and investigation upon this question might be of use, 
not only to the users of the library, but to other persons who 
might have the same or similar questions to meet and solve, it 
has seemed advisable to present a paper ’for record in the 
Transactions in which this matter should be set forth and dis- 
cussed. 

The subject of cataloguing libraries has become a special 
field in which experts have been trained and concerning which 
a growing literature and mass of precedents is accumulating. 
The first treatise on this subject, which seems to have served as 
a groundwork for much of its later development, is Mr. Melvil 
Dewey’s Decimal Classification and Relative Index, published by 
the Library Bureau of Boston. For the present purpose no 
more successful presentation of the Dewey system can be made 
than one which I quote, with the author’s permission, from 
an article presented in 1893 by Mr. W. L. Chase and pub- 
lished in volume xiv., page 780, of the Transactions of this 
Society. 

“The Dewey system was developed chiefly in the interest of 
library economy, and in it the whole field of knowledge is arbi- 
trarily divided into nine classes, represented by the Arabic 
numerals in hundreds place, namely : 

“Philosophy, 100.; Religion 200.; Sociology, 300.; Philol- 
ogy, 400.; Natural Science, 500. ; Useful Arts, 600.; Fine Arts, 


* Presented at the St. Louis meeting (May 6, 1896) of the American Society of 
Mechanical Engineers, and forming part of Volume XVII. of the 7ransactions. 
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700.; Literature, 800. ; History, 900. Cyclopsdias, Periodicals, 
etc., too general in character to fit any of these classes, make a 
tenth class, marked 000. Each class is divided into nine or less ze 


. divisions, and each division into nine or less sections, repre- 
sented respectively by the numerals in tens and units places. _ me 
Subdivision is further carried out decimally to such an extent 
as may be necessary to define any desired minute classification — 
of a subject. Naught in each place, division, section, etc., bolde re aes 


its normal power, and signifies that the material so marked is 


too general to be subdivided. Mr. Dewey’s classification tables 
occupy in his fourth edition 360 64” x 94” pages. Supplementing 
the tables are 186 pages devoted to a relative subject index, — rte 


which contains more than 20,000 alphabetically arranged refer- le 
ences to the heads, subheads, etc., contained in the tables, 
including synonymous and alternative names, catch titles, etc., _ 


with the classification number of each, giving its exact place in 


+ 


It will be apparent, first, that the system can only be adapted 
to a library of specifically engineering type by very considerable _ eee 


2 


modifications, since engineering shares, with many other depart- _ 
_ ments, a subordinate position under the heading of Useful Arts. ket a 
”, Secondly, from the point of view from which it originates, __ 
_ which is to make the cataloguing of the library a is te 
affair for the force concerned in its prosecution, it is almost im- a meee 
to avoid _ bringing about a state of affairs which results, 


: vestigate any given subject. 
To find a library whose object and functions are much the © 
_ same as those of the library of the Mechanical Engineers, the — 
_ classification in use in the Apprentices’ Library of the So- a3 
ciety of the Mechanics and Tradesmen of New York was 
Their system was.decimal in type but the classes were ace ee 
different, as will appear from the following summary : a | 


Section I. Biography, Memoirs, Letters. 
Section II. Cyclopedias, Collected Works, Periodicals, Juvenile Litera- 


ture 


Section IV. History, Geography, Voyages and pe. 
Section V. Literature and Language. tree 


with some other system, or lighted only by the light of nature, a. 
comes to consult the library and turns to the catalogue to in- . £ 
4 
| ‘ 
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Section VI. Natural Science and Mathematics. 


Ca among certain experts brought out the fact that there 

was no system of classification which was anything like univer- 
sal in America, and, further, that the opinion among such think- 
ers was, that it was a nearly hopeless undertaking to find a sys- 
tem which should be applicable to all sorts of libraries having 
widely different kinds of books, and having as different. objects. 
There was, therefore, removed the obstacle of reluctance to 
break away from an accepted standard because, by so doing, 
there was introduced a difference of method whose mmgneeiny 
would make it unjustifiable. 

Without criticising in detail the Dewey principle of limiting 
all fields of human knowledge within nine or ten classes, it may 
be said, that an objection to it which has been found very try- 
ing in libraries of applied science, is that which divides natural 
science in one group and useful arts, based upon those sciences, 
in another. Nearly all engineering, which is applied science, is 
based directly upon a pure science, and most books treating upon 
engineering are really text books in the other field as well. In 
no department is this more the case than in electrical engineer- 
ing, for instance, where the whim of a cataloguer might put two 
books in widely different sections because one had more Physics 
in it (Dewey Class 500) and the other more construction of 
dynamos (Dewey Class 600). The same criticism is to be made 
on treatises on heat and heat engines, applied chemistry, ete. 

In this view, therefore, with the field clear and without pre- 
possession for any particular system, the writer asked himself, 
What is the catalogue of a library of engineering for? The im- 
mediate reply would seem to be: To enable a visitor to the library 
in search of its sources of information on a certain subject to find 
what the library contained for his purpose and where it might be 
found. It is to be supposed that such a seeker comes without 
knowledge of the titles of the books which have been written 
upon the subject in question, and without information as to the 
names of authors ; furthermore, it must be presupposed that the 
librarian is either new to the business of the library, or is busy, ° 

so that the knowledge in detail concerning the bid on the 
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If this conception of the function of a library card catalogue is 
a sound one, it means at once that the catalogue ceases to be an 

alphabetical list of mere book titles, but becomes a list of Subjects 
~ or an Index Rerum, and under each subject should be found the 
_ books in the library, each upon its own card, which treat upon 
that particular subject—either by title or author when the book 
is upon that subject entirely, or by reference to another subject 
in the catalogue. Onother cards behind these will be found also 
those book titles in which besides their major subjects the topic 

in question is treated ina subordinate manner. The single cards 
_ under each subject besides title and author would have such num- 
- bers as would indicate the location of the book in alcove or sec- 
tion and its location upon shelf and in succession so that it can 
be readily found and returned. It would appear, therefore, that 
a person coming into the library as a user of its ‘treasures needs 
no other information than this gives him. If permitted to go 
- to the shelves he can go directly to the book or books he wishes 
to consult, or the most unintelligent of messengers can do this 
work for him. 

The secondary requirement of a catalogue is, that a librarian 
not specially expert in every department of human knowledge 
should be able to locate and list a book by title or contents 
among other books of the same class with respect to subjects 
and contents. It is this second need which compels division of 
knowledge into groups ; and the matter of this selection of sub- 
divisions is one which will be likely to differ for every library, 
by reason of the purpose for which it exists, the public whom 
it is to serve, and the subjects which it treats. 

In arranging a classification for the library of the Society of 
Mechanical Engineers with the decimal system abandoned it 
was natural that Class I. should include the books of GENERAL 
REFERENCE, dictionaries, encyclopedias, engineers’ pocket 
books, logarithmic tables, etc. 

The great importance of the current technical literature 
which appears in the journals, and the special emphasis which 
is put in the present library upon such current literature, caused 
this great group to be formed into Class No. II. and again sub- 
divided for convenience. It is agreed on all sides that in a 
field growing so rapidly and in so many directions as that of 
mechanical and allied engineering, much of great value is regu- 
larly to be found in these current periodicals, and their abund- 
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ant use has been a symptom that this opinion is generally 
held. The term PrriopicaL has been selected to cover the 
magazines and technical journals, and under it also has been 
included such issues as come occasionally or regularly from de- 
partments of the State or Federal governments. This, includes 
the Patent Office Reports, Gazettes, Geological and Coast Sur- 
vey Publications, and all occasional issues or bulletins which 
are not organs of an organized scientific society. 

The publications of societies, whether known as bulletins, 
proceedings, or transactions, form Class III. of the division and 
are known under the general name of Transactions. For con- 
venience they are divided into American, British and Colonial, 
and Languages other than English. This latter can be subdi- 
vided again if at any time hereafter accumulations in this sub- 
division should make that procedure desirable. 

It will be noted that the library of such an organization, 
which grows by the procedure of exchange of the publications 
of a society with other societies and the corporations which 
issue the technical journals, is compelled to give to these de- 
partments a consideration and space which constitute both its 
opportunity and its strength. 

The fourth class includes commercial literature in the form 
of TrapE CaTaLoGauss, which in the experience of every engineer 
contain a vast and growing body of most interesting, technical, 
and professional literature, and which, while not always un- 
biased, yet is always up to date. It has been found best to 
subdivide this for convenience of reference, and this procedure 
of subdivision can be carried on indefinitely as it may prove de- 
sirable. 

The group which naturally follows the trade catalogue class 
would be the fundamental group of natural or pure sciences, 
Class V., including mathematics, mechanics, etc.; and here at 
once the difficulty is touched of separating between science 
pure and science applied. As a matter of fact, however, the 
difficulty is not a serious one, and the general principle is fol- 
lowed of putting all science which has a side of application to 
industry under its engineering group, and leaving in the group 
of science only such departments as at present lack such prac- 
tical bearing. 

Class VL. is called Industrial Arts (other than those relating 
to Metallurgy, Metals and Metal-working, Wood and Wood- 
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working, and Engineering). This approaches somewhat to 


Dewey’s Useful Arts class, but differs from it in demanding for : BY ; 


engineering a recognition and standing which his system denies, — 
and which constitutes the cogent reason for breaking from itin __ 
a library whose primary purpose is the service which it can ren- — 
der to engineers and students of engineering. 

Class VII. covers Mining and Metailurgy. In arranging the 


numbers in sequence of the classes, regard has been paid to the _ 


probable affiliations of books to classes upon each side of that — 
to which they belong. For example, metallurgy touches Chem- 
istry and Engineering, the latter in its manufacturing aspect. _ 
The machinery for metal working and machine design are — 
closely inter-related with properties of materials, testing of 
materials, resistance of materials, and so on. Hence, in the 
actual arrangement by alcoves or sections, books of related pur- _ 


port will be convenient to each other and to the visitor and user. — ei = 
Class VIII. is therefore Strength and Resistance of Materials _ 


and Testing Machines. 

Class IX. is Drawing and Machine Design, and Applied - 
Mechanism. 

Class X. Timber, Carpentry, Joinery, and Wood-working. 

Class XI. Metals and Metal-working. 

Class XII. Mills, Manufactures, and Shops. 

The section devoted to motors and sources of power and its — 
transmission for industrial purposes should naturally in sucha 
library be not only of greatest importance and extent, but 
should as naturally be accorded a principal amount of study — 
and care. The power house or power plant is almost anem- _ 
blem or type of the industrial epoch through which we are a] 


passing. Hence, the following grouping has been made: 3 


Class XIII. Heat Fuel and Heat Engines (not steam). 


Mills, Shops, and Power Plants. ‘ng 
Class XV. Power Transmission. aM 
Class XVI. Electrical Engineering. _ 
Class XVII. Railway Machinery and Equipment. 
Class XVIII. Marine and Naval Engineering. 


The most notable peculiarity in the method followed in the 
foregoing has been the including of water motors in Class XIV., bis 
rather than under Mechanics (Class V.) or Hydraulic Engineer- _ 


+ 


Class XTX. Aerial Transportation. 
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ing (Ciass XXI.). The motive and advantage are obvious ; most 
readers are inclined to work backward from applications to 
theory, rather than to begin at the other end; and a natural 
division is easily to be made in hydraulic engineering, where 
the statics of the structural or civil engineer passes into the 
field of dynamics, belonging to the mechanical engineer. Fur- 
thermore, the subject of motive power forms a compact and 
inclusive term for a class or section. 
Class XX. Military Engineering, Ordnance, and Sea Coast 
Defence. 
Class XXI. Hydraulic Engineering (not Motors). 
Class XXII. Sanitary and Municipal Engineering. z i. 
Class XXITI. Structural, also called Civil Engineering. 
It may strike some readers as unusual that there should 
be no specific principal heading for Mechanical Engineering, 
and that Electrical and Civil Engineering should receive the 
somewhat ruthless subdivision into their several meciliion 
There is nothing uncomplimentary in the method pursued, but, 
a the contrary, a recognition of the great importance and wide 
field covered by these “Gepartments ; so great and so wide that 
| =P these subdivisions become of moment enough to form a class 
each. Electrical Engineering, for instance, has to do either with 
generation and transmission of power, with railway service, with 
lighting, or with metallurgy. It therefore seems better for a 
reader working in a department of industry to find electrical 
methods in that department with the other books and 
references upon that subject. Similarly, what is known in 
America as Civil Engineering is usually either Railway, 
_ _Hydraulic, Municipal, or Structural Engineering, and each 
division has its scope and place with the dignity of such 
d = _ recognition. No explanation is necessary for subdividing the 
; infinite scope of mechanical engineering, pervading as it must 
ee entire industrial scope of modern civilization. 

The classes which follow have been created to accommodate 
and include actual and probable needs for classification in fields 
in which the library may not be expected to be very strong or 
varied in its collection. Here of course other libraries and 
those of a university type might be expected to differ very 

gma and to require extensions and subdivisions which a 


a a , Mechanical Engineer’s Libr ary would find both unnecessary and 
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perfectly possible and convenient for this system, if at any 
future time it should be desirable. 


Class XX VI. Law, Patents, Inventions. 
Architecture is considered by some of our best practitioners 
to be passing or to have passed from the avocation of a structural 
or building practitioner to that of an artist. More and more 
the architect has to entrust the details of interior construction— 
framing, girders, foundations, loads, etc.—to an engineer, while 
he reserves to himself the decorative and artistic details of 
facade and finish. Hence the grouping of architecture with art 
and not with structure. The Technical Miscellany must form 
an elastic “catch-all” for such material, technical in character, 
as cannot be logically located in engineering or science classes. 
World’s Fair literature is a fair sample of such material. 

Class XX VII. Medicine and Surgery. 

Class XXVIII. Philosophy, Mental Science, and Religion. 

Class XXIX. Social Science, Economics, Philanthropy, Eth- 
nology, Anthropology. 
Class XXX. Philology, Literature, Language. | 
Class XXXII. Fiction, Essays, Poetry, Bue. 
Class XX XIII. Library Methods and Literature ; Rarities. 
So far, no occasion has arisen for adding to these classes, but 


the absence of any limit, such as is imposed by a decimal system — 


growing by nines only, makes it entirely possible to grow by 
division as well as by addition. Furthermore, as the classification 
and grouping is a matter of administration of the library and 
not of its use by readers, and no entry on the book-cards is 
made concerning the class of such book, a re-adjustment of 
classes affects only the staff of the library, who may have grown 
accustomed to one system, and to whom a change might be 


confusing at first. The location of books on shelves or in alcoves — 
cannot be changed without changing all cards and references, — 
There does not 


but this would hold in any system whatever. 


be 


seem any good reason for a complicated notation on the book- | 


cards, since the great and really the only purpose is to point the 
librarian or reader to the shelf and number of the wanted book, 


and the notation on the book itself need be only sufficient to — 


enable it to be returned to its proper place after use. ee 
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‘ i —— cataloguing the books, the first step was to make the Index 


b. Encyclopedias. 
=i a c. Atlases and Maps. 
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Rerum of subjects. This was done upon the buff cards with 
projecting edge used as “index guides” in ordinary card cata- 
logues. This, of course, will be done to the-best of some one’s 
ability and experience ; but it is not to be expected that his 
foresight will cover every possible topic for which the library 
will be consulted. Such a list will be a matter of growth from 
year to year, with progress in science and with experience in 
use. Every topic in every table of contents of every book in 
the library is to have its card, however, and behind it, the usual 
white book card or cards with reference to the book or books 
where this subject may be found, or else a cross-reference to 
some other title under which it has seemed more convenient to 
group such literature. The idea is that no matter from what 
point of view or of ignorance the stranger enters the library, 
the catalogue shall at once by direct pointing or by cross refer- 
ence enable him to list upon a pad the books which he wishes, or 
else indicate the location of books upon that general subject, from 
among which in a small library he may select those particular 
volumes which seem best suited to his need. 

The alphabetical list of authors which will run parallel to 
the subject list is, of course, most simple, and is based on 
accepted library precedents for such a dictionary catalogue. 

It will take too much space to give the Index Rerum of sub- 
jects complete. It is, perhaps, also unnecessary. But in an 
appendix has been placed the list of classes and sub-classes for 
convenient reference and for criticism. 

The object of the author will have been attained if his work 
can be of service to others with the same problem before them, 
and if to those accustomed to the Dewey system it shall serve 
+o indicate how radically that needs extension in the fields of 
the engineer. 

The writer wishes, in closing, to express his recognition of 
the help rendered by Prof. H. B. Gale, member of the Society, 
whose valuable suggestions both as to principle and detail, 
have been most heartily appreciated. 


APPENDIX. 


Ciass 1.—General Works, 


a. Dictionaries. 
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. Directories and Registers. 
. Guide-books and Hand-books. 
. Pocket-books, Engineering Hand-books, Tables, etc. pend de 
Tables of Logarithms, Reckoners, ete. - 


. Albums and Collections of Photographs. nee 
. Manuals of Railways. 


. Electricity. 


. General Engineering. 
. Textile Mill and Factory. 


. Metallurgy, Mining, and Gas. 
. Structural, Sanitary, Architectural, and ee 


. Marine. 
German, Scandinavian, and Russian. 
e 
. French, Spanish, and Italian. » Ve 


. Miscellaneous, 


. American. 
. British. * © 
. Colonial, also Scotch and Irish. 
. Danish and Dutch. 


. Hispanian and Helvetian. 
. Italian. 
. Scandinavian and Sclavic. 


. Agricultural Machinery. 
. Electrical Machinery and Supplies. 


. Fuel, Stokers, Combustion. 
. Gas and Oil Engines. 
. Hoisting and Conveying. 


Cuass 2.—Periodicals and Magazines. 


(Not transactions of Societies.) 


Steam Power, Machine Shop, Transmission of Power, 


Railways and Locomotives. 


German, 


Cuass 4.—Trade Catalogues. 
Electro-metallurgy and plating. 


a. Coal and Ore Handling. 
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. Lubricants, Oils, Lubricators. 

. Machine Tools for Metal. be. 

. Machine Tools for Wood. 

. Machinery, General and Special. 

. Marine and Naval Engineering, 
Metallurgy, Metals, Alloys, Forges, and Foundries. 

Mining Machinery. 
a. Prospecting and Boring. 
b. Ore Dressing. 
Military Engineering and Sea-coast Defence, 

d. Ventilation, Fans, Blowers. 

ce. ‘ Piping, Valves, Nou-conductors. 


d. ‘* Appliances, Separators, Condensers, Heaters, ear. 
e. House Furniture. 
. Surveying, Drawing and Optical Instruments iow 
a. Wagons and Carriages. bas 
c. Traction Engines. 
“Permanent Way and Rails, 
‘* Switches and Signals, 
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Cuass §5.—Pure or Natural Science. 


Mathematics. 


Astronomy, Geodesy, and Surveying ; Topography and Geodetic Surveys, 

. Physics. 

. Chemistry. 


. Geology and Paleontology ; Geological Surveys. 


. Mineralogy, Lithology, and Crystallography. 
. Biology, Bacteriology. , 
Zoology. 


a. 
b. 
d 
e 
9g 
h 
a 
J 
k 


Botany. 


fea, 
CuaAss 6.—IJndustrial Arts. 


(Not Engineering, Metals and Metallurgy, nor Wood Working.) 


b. 2. Paper Making. 

b. 3. Breweries. 

b. 4. Sugar Making, Refining, and Machinery. 

b, 5. Pottery and Glass, wile 

b. 

b. 


. Printing and Inks. 


. Gas Making and Gas Engineering. Me 


d. Trades and Handicrafts. ars 


Cuiass 7.—Mining and Metallurgy. 


a. Prospecting. 

b. Excavation, Tunnelling, Shaft-sinking, Boring, Well-cinking. 
Mine Transportation Underground. 

d. Mine Drainage. 

e. Mine Ventilation. 
h. Ore Dressing, Concentration and Separation. 
i 

J 
k 


j. Precious Metals. ire 


. Steel Processes. 


Cuiass 8.—Strength of Materials and Testing Machines. 


a. Strength of Materials. 

b. Testing Machines. 
Results of ‘Test and Research. hee 
d. Methods of Test, Standards, etc. oiveiad 
é. Engineering Laboratory Appliances and 4 
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9.—Drawing Design and Mechanism. 


. Drawing in genera). 
b. 1. Shades and Shadows. 
b. 2. Perspective. 
. Stereotomy or Stone-cutting. 
. Machine Design. 
. Kinematics, Mechanism, Geometry of Motion. 
. Horology, Clock and Watch Making. 
. Dynamics. 
. Friction and Lost Work and Lubrication. 


Ciass 10.—Yimber, Carpentry, Joinery, and Wood Working. 


. House Carpentry, Stair Building. 
. Joinery and Cabinet Making. 

. Piano and Organ Building. 

. Wood Working, Machine Tools. 

. Pattern Making. 

. Preservation of Timber. 


Cuass 11.—Metals and Metal Working. 


. Foundry Practicé for Cast-iron ; Pattern Making. 
Forging and Blacksmithing. 
. Sheet Metal Work. 


. Machine-shop Practice and Tools. hee 
and Grinding Machinery, 


. Flour Mills. 
. Paper Mills. 

. Accidents in Factories, 
. Shop Accounts. 
i. Shop and Factory Buildings. 


Cuiass 13.—Heat, Fuel, and Engines (not steam), 


. Theory of Thermodynamics. 

. Gas, Oil, and Vapor hos 

g. Hot-air or Caloric Engines. 


Tt 434 CLASSIFICATION CATALOGUE FOR AN ENGINEERING LIBRARY, 
* 
|= 
j 
3 
“a 
Ass 12.—WMills, Manufactures, and Shops. 
3 
is 


GLASSIFICATION CATALOGUE FOR AN ENGINEERING LIBRARY. 


4 j. Animate Motors. 


Chass 14.—Steam Engineering (Stationary) and Motors for Mills and Shops and 


. General. 
Steam Engines in general, for Power. oe i; 
Pumping Enginesand Pumps, ap 
Hoisting Engines and Elevators. 
Air Compressors and Blowing Engines. Da 
Ice Machines and Refrigeration. 
Boiler [Insurance and Inspection. 
Boiler Tests for Efficiency. 
Engine Tests for Efficiency. as 
See Engineering Laboratory Appliances. 
Engine Valve Gears. 
Hydraulic Motors, Turbines, Water Wheels. 


= 


Conveying and Hoisting (not engines). : cae: 
. Compressed Air. 
Hydraulic Machinery and Presses (not motors). 


Cuiass 16.—Llectrical Engineering. 


Generation of Electrical Energy, Dynamos, Batteries, ees i 
Distribution of Electrical Energy, | 

Electric Power and Motors. 

Electric Lighting. 
Electro-metallurgy. 

Electric Accumulators and Storage. 


t 


Cuass 17.—Ratlway Machinery and Equipment. 
. Cars. ge 
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d. Permanent Way, Switches and Signals. 

¢. Traction Engineering on Roads; Auto-mobile Carriages, Bicycles. 
Street Railway Engineering. 

g. Rapid Transit in Cities, 

4’, Manuals of Railways. (See 1. j.) 


Ciass 18.—Marine and Naval Engineering. 


. Marine Architecture, Ship building and Hulls. 
. Dock Yards and Ship Yards. lhe 
Marine Engines. 


a. Ship Propelling Apparatus. 


e. Steering Machinery. malts 
For Electric Navigation see Electricity. 


Many 


Cuiass 20.—Wilitary, Ordnance, Sea-coast De at Defence. 


19.—Aerial Transportation. 


Forts, Fortifications, Sea-coast Defence, 

See Mining. 

. Tactics, Signalling, Manceuvres, etc. 

Lighthouses. 


Cuass 21.—Hydraulie Engineering (not Motors), 


i 
Water Power in general. 
Irrigation. - 


Hydrography, and Hydrographic Engineering. 
CLass 22,—Sanitary and Municipal. 
Heating and Ventilation. tina 
Drainage, Sewerage and Sewage and Garbage Disposal. erates 


Irrigation. 
See Hydraulic and Canals. 
Lighting of Cities. 
See Electricity, Gas, etc. 
For Lighthouses see Military. 
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. Public Works of Cities. 
. Docks, Piers, and Bulkheads. 


4 
;, Health Boards and Public Health,; 


| 
CLass 28.—Structural, also called Civil Engineering. 
Bridges, Roofs, and Viaducts. thse ah 
. Retaining Walls and Masonry in general. 


Cements aud mortars. 


Ciass 24.—Fine Arts, Architecture. 


. Art Processes for Engraving. 


a. Exhibitions and Expositions: World’s Fairs. 
b. Amusements and Sports. AF 


Cuiass 26.—Law Patente and Inventions. 


a. General and Common Law. 


f. Patent History. 


h» Patent Specifications and Claims (Gazette). Bi ats 


i. Patent Reports. "alah 


. 
« 


id; 
is 
— 
j 
Pre 

— 

«? 

| 
H 

“4 

: 

1 

4 
> 

. 

oa 

4 

4 

q 

ate 

— 
: 


FOR AN ENGINEERING LIBRARY, 


Ciass 27.—Medicine and Surgery. 


= 


Physiology. 
b. Hygiene. 
¢. Nutrition and Foods, 
28.—Philosophy, Mental Science, and Religion. 


Wan 


CLAss 29.—Social Science, Economics, Philanthropy, Ethnology, Anthropology. 


e. Education (technical). 
f. Social Customs. 


Statistics. 


rie 

k. Hospitals, Asylums, Sanatoriums. 2 

Charity Organizations. 

° 

Cuiass 30.—Philology, Literature, Language. 
Philology. 


c. Language. ¢ 


c. General (non-technical) Literature. 


Ciass 33.—Library Methods and Cataloguing; Rarities. 
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DISCUSSION. 


Mr. John B. Blood.—This problem of the classification of en- 
gineering literature has come to me in several ways, principally 
that of cataloguing manufactured apparatus and cataloguing 
drawings and shop work and apparatus, together with the cata- 
loguing of literature both in detail for my own personal engi- 
neering use and for a library. In taking this up for study I have 
taken it up both from the practical point as it has come to me 
in business connections, and from the theoretical side with 
reference to the correct method of taking it up in practice. 
From my standpoint and from my studies I will take up a few 
points in Mr. Hutton’s paper as they come to me. 

On page 423, paragraph 3, the Dewey principle is departed 
from on account of the modifications necessary. Now in this con- 
nection, as I have taken it up, the modifications necessary are 
simply additions. That is to say, Mr. Dewey has taken the thing 
up in a very general way, inasmuch as most libraries do not 
have a large space devoted to engineering, and therefore he has 
not had time and has not had occasion to take this matter up. 

Referring to paragraph 4, I would say the best system is the 
system which is the simplest, and has the fewest references. I 
will take one case in the system proposed here. Supposing a 
man wants to look up data with reference to a mining air com: 
pressor: he has to look under Section II., division /, for peri- 
odicals on that subject ; under Section III. for the transactions ; 
under Section IV., 16d, for trade catalogues; under Section 
VII., g, for statistics ; under Section XX VI. for patents ; where, 
by any system which is reasonably adapted to this work, only 
one, or possibly two, references—that is, the function and the 
thing itselfi—would be needed. This gives the other side of it ; 
that is, the very general references rather than the particular. ey 
The greater number of calls would not be for transactions as 
such, but some particular transactions and some particular — 
thing. The system collects all books into one place, or possibly _ 
two; that is to say, if the subject has two main points—one par- __ 
ticular thing itself and one particular function—it ought tobe 
catalogued under those two points. a 

At page 423, paragraph 5, it says that the catalogue should 
take up the case in hand with regard to it solely; thatistosay, = 
the definite functions of the library in hand should be considered => 


> 
. 
‘ 
= 
ay 
a 
3 


440 CLASSIFICATION CATALOGUE FOR AN ENGINEERING LIBRARY, 


primarily. I think that the subject should be taken up in a 
general manner primarily, and its adaptation secondarily ; that 
is, if the adaptation does not materially increase the difficulties. 

Page 424, paragraph 3, refers to a standard which has not been 
made. The reason that it has not been made is because the 
engineers or the people in this country who would use this 
work have not taken it up, and I think it is this general stand- 
ard that we want to establish rather than to get something that 
is simply adapted to one particular case. 

Referring to page 424, paragraph 4, where the limitation of 
nine classes is spoken of, that is the point which has always been 
brought up by men looking into this system. I have had that 
thrown at me a great many times, as I have posed as a decimal 
classification man, for the last eighteen months especially, and 
I have had that question to answer a great many times. I do 
not think it is a limitation at all, because if you want to run 
from 9 to 99 class, you have simply to use two figures instead 
of one; and if you want one hundred divisions the lowest num- 
ber of figures which you need to give is two; but if by mistake 
of the cataloguer, or by-lack of foresight, some of the divisions 
are given more prominence than they should have, of course 
that makes the subdivision come wrong, and Mr. Dewey in his 
work has left the ninth class open, and sometimes more than 
the ninth—the seventh, eighth, and ninth—for a subdivision. 
He always, if practicable, gives this ninth class the title of 
Miscellaneous, and suggests that, where the foresight of the 
cataloguer has not been sufficient, this ninth class can be sub- 
divided, and used in parallel with the other eight classes. 

At page 424, paragraph 4, mention is made of the difficulty of 
separating pure science from applied science. In my branch 
of the business, electrical engineering, this seems to be the 
worst case, because from its nature electrical engineering is so 
technical. I know the point has come and we have found no 
trouble with it. I would say in this relation that we have 
worked the Dewey or decimal system in connection with our 
literature and tests and records for about eighteen months now, 
and we have had no occasion to find the limitations. Of course 
there have been some compromises and cross references, which 
must come on account of the non-infallibility of the original 
cataloguer. But pure science and applied science do not make 
the cataloguing difficult. The way I have taken this up is 


+ 
t 
34 
ANS, 
iy 


CLASSIFICATION CATALOGUE FOR AN ENGINEERING LIBRARY. 441 


where science, apparently pure, was diregtly applied to the con- — 
struction or design of apparatus, to put it under the applied : : 
science heading. Of course, if the subject is on the line be- 
tween—that is to say, if it is very near pure and very near 
applied—a man looking it up would naturally look at both — 
headings anyway. That is to say, he might not know whether _ 
what he wanted was pure or applied, and irrespective of where 
the book was catalogued he would look up the two head- 
ings, and therefore get the book whether it was in one or the 
other. 

On page 424, paragraph 5, the question is asked: “What is 
the catalogue of a library of engineering for?” Andthe answer 
given is: “To enable a visitor to the library in search of its _ 
sources of information on a certain subject to find what the 
library contained for his purpose, and where it might be found.” _ 
I think I would add to that answer—“ with as few references 
and the least complication possible.” As I mentioned before, — 
in some cases there may be five or six references to find one —> 
subject, whereas if they were classified by subjects instead of — 
by groups these would all be near together. Of course the gen- 
eral and specific, where there were a great number of specific __ 
cases in a group, would make the number of headings so large 
that they might not be side by side for one particular subject. = 
For instance, periodicals on mining would be in the mining __ 
department, whereas an article on air compressors in a periodi- — 
cal on mining would not be absolutely side by side with books © 
on air compressors. 

Referring to page 425, paragraph 2, when the classes are based 
on other than subject lines the catalogue ceases to be asubject 
index, and simply becomes a systematic grouping. In referring 
to trade catalogues, periodicals, and patent office reports, itis — 
not in-general desired to refer to them as such, although if it is — 
necessary they can be put together. For instance, trade cata- : 
logues are now coming to be pretty good dissertations on the => 
branch to which they relate. In fact, in some cases the latest Der eG 
and best information can be found in the trade catalogues, and © 
I would prefer a system where these trade catalogues and peri- —__ 
odicals can, as nearly as possible, be put by their heads There _ 
is a publication entitled Compressed Air. Ifthat was put under 
periodicals, of course it could not be found there; but practi- — Batce m 
cally, for the practical use of the subject, that periodical on _ 
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compressed air would come beside the books on compressed 
air, and be easy of access when wanted. 

Page 426, paragraph 3—the transactions. If it is necessary to 
keep them together, as I say, it can be done by using a special 
number. For instance, at the World’s Fair the New York State 
Library sent a catalogue of books written by women, and this 
library has been designed to be kept separate. Therefore the 
numbers were given the same as they would be under an ordi- 
nary catalogue and a “W ” prefixed, so that these books appear in 
the catalogue the same as ordinarily, with this “ W” prefixed; 
and any one wanting those books—whether there is another one 
in another part of the library or not—that special collection is in 
the “W” alcove, and they are catalogued in the same way as 
they would be if they were in the same library. So I think if 
‘it is necessary to keep the transactions separate, all you have to 
do is to give a separate letter before the catalogue number, 
which would indicate that they are in a special alcove by them- 
selves. 

Cross references are always necessary, because authors have 
not got to the time yet where they will define the subject about 
which they are writing. A great many times two different 
phases, or two different subjects, are brought together under 
one cover. Of course a general treatise would naturally go 
further up in the same classification; but two special treatises 
in the same book must necessitate a cross reference. 

With regard to the detail—Roman characters in cataloguing 
have been thrown out a long time ago, on account of the large 
number ; in fact, one of the chief troubles in systematic classifi- 
cation is the large number of characters which you run across, 
and the Roman characters simply add to the complication. In 
this system you have five characters to start with. Then the 
subdivision will give you two more possibly, and the number of 
the book may give you another letter or two additional num- 
bers, which will make the catalogue number of the book quite 
large. Of course, where you simply break it up and refer to 
the alcove as the 27th alcove, you have to remember that, and 
remember the number as well. 

‘The subject of classes—I have taken up and proposed to Mr. 
Dewey a system whereby a large number of classes can be had; 
that is to say, I have separated letters and figures—for instance, 
2B6 A You can index each section and an innumerable 
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number of classes without complication, or you can increase one a ios 
or more of the classes. That is something which presents a Re 
decided advance in cataloguing, but I have not had a chance to bey pie 
take it up in detail with Mr. Dewey, or a chance to study it tee sae 


myself to know what there is in it. But if it is desired to — saa re 

classify under classes primarily, I think that is the way to ie ae 

In taking up the theory of classification, it comes in ‘this le yes * 


manner ; that is to say, almost everything will have two parts— _ 


the thing and its function; and if the thing is the most promi- ce 
nent you catalogue it under the thing, or if the function is most — ede 


prominent you catalogue it under the function; and, in general, © es 
everything catalogued will have these two functions, and a ee 
person going to the library will generally want to look up the oo 
two references. re ; 
Another thing which has been used in Mr. Dewey’s system is 3 
the mnemonic system ; that is to say, certain numbers have a 
certain meaning throughout the whole cataloguing. While it is 
not entirely so, you can sometimes know exactly the number of 
a book, or the section which it is in, from that letter. I have 
taken up electrical engineering, as it has been in my branch, 
quite carefully; but on account of the fact that the other , 
branches of engineering have not been taken up, although Mr. © 
Chase has taken them up to some extent, I do not wish to pre- 
sent it for publication until it has been taken up with the other 
branches. Mr. Chase has taken engineering up and given it for 
what it is worth. He has not taken it up in detail in some 
cases, and he has not given numbers in other cases. On page — 
805 he says: “The thing in view is to extend and develop some _ 
scheme under the general subject of engineering inso able and 
thorough a manner that it will come into use for the uniform | $5: ee 
classification and indexing of individual collections, engineering bison 
libraries, periodicals, and society transactions.” Mr. Jenks, in taper 
August, 1893, said: “Ifa committee can be induced to under- 
take the necessary labor, and will give us a complete classifica- _ ate. 
tion, with accompanying samples, I for one shall be glad to have | ake ae 
such a guide.” Mr. Hutton, in his paper, ends up with the nos Bt: 


statement: “The object of the author will have been attained if ae wa 


his work can be of service to others with the same problem a 
before them, and if to those accustomed to the Dewey system . See 
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fields of the engineer.” I agree with all this, and it is with this 
object that I make these remarks. One of the British societies, 
I think it is the Royal Society, is to take up this subject with 
reference to their publications, and with reference to the cata- 
loguing of the work in their society; and the Belgian and 
French engineers have been taking this up and pushing this 
classification for what they can. The members are business 
men in the different branches, and the law, medicine, and 
sociology sections have been taken up in detail through the aid 
of these different societies. The proceedings are properly 
catalogued current literature, with their numbers in order. 
The Belgians are strongly advocating the decimal system for a 
uniform system. I think it is specially timely that this subject 
should be taken up in this country, and it can be by this 
Society, as it is eminently the place from which it should come. 
We can work in conjunction with others, doing the same work 
at the same time, and benefit will accrue from the fact that 
more people are working on it who have cognizance of this 
subject. I would like to make a motion, or recommend that the 
Council of this Society appoint a committee to take up the 
matter of systematic classification of engineering literature in 
this way. Would that be a motion or recommendation ? 

The Secretary.—It might very properly come up as new busi- 
ness presently. 

Mr. Paul M. Chamberlain.—I would like to say a word regard- 
ing Class 5, the trade catalogue. I presume that every one 
having had occasion to keep trade catalogues for reference has 
been much annoyed with the difficulty of shelving and indexing 
them in such manner as shall make them readily accessible. 
The lack of uniformity in size and difficulty of affixing a num- 
ber to the back are the principal obstacles. Several years ago 
we used for this purpose in the mechanical department of the 
Michigan Agricultural College a series of drawers labelled with 
the general headings. This did fairly well so long as the cata- 
logues did not get out of place, but if one did not find that which 
he had good reason to believe should be there, a search 
through many and perhaps all the drawers followed. We finally 
adopted a scheme which, though new, commended itself and 
has proven very satisfactory. The catalogues we wished to 
preserve were obtained in duplicate and the margins of the 
pages trimmed off with a hand paper trimmer. The consecu- 
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tive pages were then pasted on sheets of stout paper 18 x 24 
inches, and put under a press made with two drawing boards and __ 
simple clamps. These large sheets were then made into book _ 
form by punching four holes on one edge and fastening with — 
shoestring. The whole was indexed by name and by subject. 
The books are too large to be moved but are very conveniently _ 
arranged for reference. It is seldom that a catalogue covers 
more than two or three of these large pages, so one can look 
over a vast number of catalogues in a very short time. 

Mr. H. H. Suplee.—I think that probably the largest strictly 
technical mechanical library in the country which has been fairly — 
classified is that of the Franklin Institute in Philadelphia, and 
the system in use there is very similar to the one which Pro- 
fessor Hutton has reported here. The contracted quarters for 
the library are such that they cannot get the classification on 
the shelves that they wish. The card catalogue is divided into — 
a subject catalogue and an author’s catalogue ; and so far as 
being classified for the user’s convenience, as the prime point, 
and the librarian’s as the secondary one, it is certainly a success. __ 
The members use it successfully, and people go at once to the | 
catalogue and, as a rule, find directly what they want. That 
library is particularly rich in the transactions of societies and 
also in patent reports. It is one of the few places in the country > 
where entirely complete sets of the patent reports of nearly ey ; 
every foreign country can be found and where they are constantly 
being consulted I think an attempt to classify either those > ae 
transactions or the reports so that they would be arranged ~~ 
strictly by subjects would interfere with their use. No attempt 
is made there to follow the decimal system, but the classification 
of the subjects by Roman numerals I think is followed. 

I would like to call the attention of members to a point — 
mentioned in a small French pamphlet on the classification of a & 
books, as to the arrangement of books on shelves in vertical uA oe 
rows instead of horizontal ones. Books on the same subject foxes 
are of all sizes. If we attempt to place them horizontally we _ 
have a big book and two little ones and then an odd sized one ; 
but if we place the shelves with the smaller spaces above, con-— 
stantly increasing in depth, and place the class divisions ver- bee 2 
tically, then we can place the books of the same sizes on shelves 
side by side. We can get many more books in the same space, et i 
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ance enough in every shelf for books of all heights, and in prac- 
tice it is found to work very well The little book is called L’ Art 
de Classer les Notes, by M. Guyot-Daubes. 

Mr. William Kent.—I do not see it definitely stated in the 
paper whether it is a classification of a card catalogue or a 
classification of the books. I would like to ask, if we want to 
find architecture, do we look under letter “ A” or under Class 24? 

Professor Hutton.—There is a heading in the card catalogue, 
Architecture, and all the books on the subject of architecture 
and all periodicals on the subject of architecture and all refer- 
ences to the subject are under that. There is no classification 
reference whatever on the cards. That is not a matter that 
concerns anybody whatever but the librarian. 

Mr, Kent.—Then if I wanted to find architecture in the card 
catalogue I would go to letter “ A” first? 

Professor Hutton.—Yes. 

Mr. Kent.—Then it seems to me that all this question of 
classification described in the paper is simply one, as the author 
says, of administration of the library and not for the conven- 
ience of users. It would not make any difference to the users 
whether the books were classified as shown here or classified 
chronologically or in any other way. That is, if you wanted to 
find some one’s book on architecture you would go to the card 
catalogue and find under “A” the book you wanted and its number, 
shelf so-and-so, alcove so-and-so, and you go and get the book 
from its location. So the classification is only one of conven- 
ience to the administrators of the library, and this classification 
for that purpose is probably as good as any other. But this 
whole subject of classification I think should be treated a little 
more broadly—how we should classify our own libraries, our 
notes and our clippings, and all that sort of thing; and then 
this question comes up, Is this system of Professor Hutton’s a 
good system? I, myself, don’t think it is. For instance, we 
want to study something about the ventilation of mines. If I 
wanted to look up that subject in Professor Hutton’s classifi- 
cation I would have to look under several classes, viz. : com- 
pressors, compressed air, mines, mine ventilation, fans and 
blowers, and blowing engines, and all these things in different 
classes ; and if we wanted to use a wind-mill to make power, 
that is still under another class. If we want to consider the 
problem of digging a ditch to drain the mine and also to pump 
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water out of the mine, we would perhaps have to look under onl ae 
Mine Engineering, one class; Mine Drainage, another class ; oe ‘ 
Pumping Engines, another class ; Hydraulic Machinery, another 
class ; Drainage and Irrigation, another class. This question 
of classification came up with myself—to make a personal refer- 
ence—in getting all the mass of stuff that I had out of which 
I compiled my Mechanical Engineer’s Pocketbook—how to 
classify it for a subject of study, and then how to classify it _ 
to put it in the book; and I adopted the system—taking airas 
an illustration—of putting everything relating to air under the : 
general head Air. Under that would be wind-mills, air com-— 
pressors, compressed air, ventilation—ventilation I put as a 
combination of heat and air, coming under both of them—fans 
and blowers and blowing engines, and anything relating to air, I 
put under that general head. Anything that had relation to water 
I put under water—irrigation, mine drainage, sewage, evapora- _ 
tion of water, the qualities of water, water meters and turbine __ 
wheels, pumps—everything that has relation to water. So 
also I gave a general class to steam. Under that class would — 
be subdivisions for steam boilers, steam engines, steam pipes; — 
while in Professor Hutton’s classification I think he has steam 
in two or three places. In Professor Hutton’s classification he 
has fuels, combustion, and chimneys together under Heat, Fuel, 
and Engines (not steam). Then he has boilers under reds 
heading—under Steam Engineering. It seems to me that boil- 
ers and engines ought to go nearer together. The system y 
adopted I found very satisfactory indeed. 
Mr. Blood.—I would like to say in connection with that shelf _ 
number, that that is one of the main instigations to Mr. Dewey wae 
to work out that system. That is, he worked out a system so 
that a number of a book would not put it in any one place. If oe ca 
you number your book and it is the correct number, that is the ~ Boy 
correct number wherever you put it; and if one section grows = 
large and you want to put the next section in with it, you do not — = 
have to change the shelf numbers at all, because the shelves are ~ ae 
not numbered. You simply move that section along; and that 
divorcing of the shelf number from the book number, or, in fact, hia 
having no such thing as a shelf number, and letting the book , 
number be the entire reference, is the main object of the deci- 
mal system as applied to libraries. For instance, mention is 
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wants to see the books. In the State Library at Albany they 
have this system. It is not entirely a free library, so that cer. 
tain privileges are given to those who have a chance to use it 
which they would not have in a large free library. I can go into 
that library and find the number that I want. If I want to look 
up engineering I can look at 621. If I want to look ata 
specialty, say dynamos in electrical engineering—621.311. I go 
to that part of the library and the books are there. I need to 


ask no attendant about it. The same with genealogy, $21—all 


you have to do is to get your key number and you know where 
all those books are. There is no such thing as the additional 
function of the shelf number and drawer number. The point in 
cataloguing, especially in trade cataloguing, is to get the single 
number to represent many functions. In the cataloguing of 
manufactures, we have the catalogue number of the article, the 
drawing number which it is made by, the patent number, and 
the factory number on which the thing is carried through the 
factory. And besides that, there are the requisition number of 
the man who wants the article, and the shipping number of the 
man who gets it. How can we combine those? In a library it 
is the same problem—how can we have one number do the 
function of recording the book and showing where it can be 
found, and have it so that it can be found with the like books? 

Prof. F. R. Hutton.*—I have been much interested in the 
discussion which this paper has elicited, and particularly 
because it reveals that much difference of opinion is possible, 
and yet most of tle opinions be correct. 

I am particularly interested in Mr. Suplee’s reference to the 
method pursued in the library of Franklin Institute. 

There is not so much difference between the view of the 
author and those members who have differed with him as to 
make a reconciliation impossible, if such should seem desirable. 
The real difference is, that I lay particular stress upon the card 
catalogue of material to be considered, and put the division of it 
into classes into an entirely subordinate relation. My critics 
consider the classification of prime significance, and would put 
everything intothe pigeon-hole section, or alcove, where their 
principle of classification would compel it. By the dictionary, 
or alphabetical system, which is the basis or starting point of 
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the paper, it is a matter of complete indifference i in what alcove 
or section a book or filed material is to be found, since the card | 
catalogue gives full information on this point. 

As a matter of fact, although making the card catalogue the __ 
primary basis, the classification principle is followed in prac. 
tice ; the shelving is divided vertically, according to the most | 
shrewd suggestion of Mr. Suplee, and each vertical section is __ 
headed by a class number. Nobody uses the class number, — 
however, unless he prefers to reject the card catalogue. If he | 
does, he goes to the section desired, designated by his class 
number, and there finds the books on that subject. The card- 
catalogue user, on the other hand, is directed to the book or > 
books upon the subject which he has found by its alphabetical 
relation in the catalogue, by the shelf number, and not by the 
class number. 

I do not sympathize with the criticism against the system — 
proposed as to finding a subject in so many different places. 
The periodicals, the transactions, the catalogues, and the patent 
reports, in such a library as that in. question, cannot be sub- | 
divided by subject, as the year or quarter of such issues will be 
bound together, making such absolute subject-subdivision as _ 
proposed an impracticability. 

The criticism concerning Roman characters is a sound one, 
and is a detail which I shall be very glad to change. 

With respect to combining the societies representing different 
branches of engineering for joint action upon a suggested class- 
ification scheme, it seems eminently desirable that engineering’ 
should stand on-as creditable a footing as the other professions ; 
and if a sufficient number of experienced and willing members _ 
in the various societies can be got together to agree upon a — 
system, it would be a long step in a good direction. 

I still feel, however, the comparative hopelessness of an _ 
enthusiastic agreement, when so many different objects are © 
before the minds of the various capable and strong men who 
are engaged in coping with the problem, each in his own way 
and for his own simaied 
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| THE EFFECT OF RETARDERS IN FIRE TUBES OF 


vey 

BY JAY M. WHITHAM, PHILADELPHIA, PA. 
(Member of the Society.) 
: 

Tue trials were conducted on a 100 horse- -power horizontal . 
tubular boiler at the Sutherland Avenue Station of the Phila- 
delphia Traction Company, Philadelphia. The purpose of the 
trials was to ascertain under what conditions, if any, retarders 


in the fire tubes would add to the efficiency of the boiler. 


sD WENSIONS AND PROPORTIONS OF BOILER AND SETTING. 


Boiler shell ......... a - 60 in. x 20 ft. 
Tubes (44) 4 in. x 20 ft. 


Grates—stationary, herring-bone pattern, air openings #-inch wide, or 46 per 
cent. of grate. 

(5 ft. 4 in. wide 

by 5 ft. long. 
Grate surface ........... 26.7 sq. ft. 
Water-heating surface 1,187 sq. ft. 
Boiler rated at . 100 horse-power. 
Ratio of heating surface to grate area 26, 42.6 to 1. 
Steam-drying surface in top of shell LM 150 sq. ft. 
Liberating surface in boiler 88.8 sq. ft. 
Distance from grate to under side of boiler shell . iMdbée. eases 18 in. 
Distance from top of bridge wall to under side of boiler shell Laie. é 10 in. 


re — set with a return pass over the top. 


‘Pen of such boilers are connected to a brick stack 10 feet 
diameter by 175 feet high. During the tests from four to seven 
of these boilers were run in connection with the boiler tested. 
On certain tests, noted in Sheets Nos. 1A and 1B, retarders were 
used in the tubes. These were made of loosely fitting strips of 
No. 10 sheet-iron, running the whole length of the tubes, and 


* Presented at the St. Louis meeting (May, 1896) of the American Society of 
Mechanical Engineers, and forming part of Volume XVII. of the Transactions. 
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twisted to a pitch of ten feet, or making two entire convolutions “: 

MANNER OF CONDUCTING TESTS. 

The coal and water were weighed. Observations, at fifteen- 
minute intervals, were taken of the pressures and temperatures. 
The boiler blow-pipe, and feed connections not in use, were 
blanked off. The calorimeter (Barrus’s Universal) was set in the 
vertical pipe rising out of the boiler. 

Before starting the tests the boiler was hot and forming 
steam. The fires were quickly hauled, and sufficient clean 
incandescent coal to kindle a new fire was weighed and thrown 
on the bare grate. At the end of each test the fire was allowed 
to burn down and was then hauled. The material hauled from 
the furnace and ash-pit at the end of each test was called ash 
and refuse. The tests were conducted according to the methods 
advised by this Society, and all instruments used were stand- 
ardized. 

L. Kennedy, a careful and skilful fireman, fired on all the 
tests. The boiler tubes were clean at the beginning of each 
test, while the boiler was fairly clean on the water side. Several 
of the tests, noted in Sheet No. 1A, were ere in order to 
make sure that no error existed. ae iad 


RESULTS OF THE TRIAL. 


Coal.—The coal was practically uniform in quality on all the 
tests. By reference to line 18 of Sheet 1A it will be seen that 
the percentage of ash and refuse varied from 8.72 to 4.25 per cent. 
The percentage of ash and refuse averaged as follows: 


Boiler run at about 50 horse-power.......... een haeoweds 8.52 per cent. ash. 
Average for all the tests 5.78 
, This decrease in percentage of ash and refuse as the capacity 
of the boiler increases is due to the following : 
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1. When the fires are pushed, as on capacity tests, the damper 
is open wider than on gentle tests, the draught is stronger, and fine 
particles of ash, etc., are carried from the furnace and lodged in 
the dead space behind the bridge wall, deposited in the tubes 
and front connection, and carried up the stack. Hence it is 
reasonable to expect a smaller percentage of ash as the fires are 
pushed. 

2. On the other hand, it would be reasonable to expect more 
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DIAGRAM OF 
DRAUGHTS AND COMBUSTIONS 
for a 
HORIZONTAL TUBULAR BOILER 
Set with a return pass over top, Burning ‘Henrietta Mine,” 
Cambria Co.(Pa.) Run ofa mine Bituminous Coal, with 
only Natural ee 
By Jay M. Whitham. 


Nore:-Dotted lines refer to Trials made with Retarders in the 
tubes.G ~~ 5ft. x 5 ft. 4in., Bars Herring-bone pattern 3gin. air 
46 per centair. Boiler Shell 40in.x 20ft. 44-4in, tubes. 
Ratio H. to G. Surface 42.6 Retarders made of strips of No, 10 
fron 20 ft. long, pitch 10 ft. ry 


aught in inches df watpr.| 


fuel to be wasted in the ash on a capacity than on a gentle test. 

- But, as a matter of fact, about as much fuel dropped through 
- the grate on the gentle as on the forced tests, and it formed a 
cet larger percentage of the total ash. 
«dt is important to here observe that since coal rather than 
combustible’ is bought, and since the percentage of ash varies 
for the reasons just given, that in all comparisons of work done 
on Aare by the same grade of fuel under varying conditions, reference 


ee es “= should be had to what the coal, rather than the combustible, does. 


Draughts.—The draughts were measured in the furnace, in the 
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front connection, and in front of the damper at the rear end of | 
the return pass over the top of the boiler. The damper was _ 
manipulated so that the draughts would be just sufficient to 


ay 


burn coal for the power desired to be developed on each test. os a 

‘ These observations are given in lines 7, 8, and 9 of Sheet © 
No. 1A, and are plotted in Fig. 98, for various rates of combus- __ ae 
tion per square foot of grate. From this sheet the following roti 


table and curves given in Fig. 99 were formed by drawing “ fair” 
lines through the various points plotted. Fig. 99 shows that to 


EE 
DIAGRAM OF 
DRAUGHTS AND COMBUSTION 
fora 
ot HORIZONTAL-RETURN-TUBULAR BOILER ap 
Burning Cambria Co. (Pa.) Coal 

Stationary Grate, 46 per cent air, 
Nors:— Retarders made of strips of No. 10 iron 20 ft. P 
onl |_| Jong, pitch 10 ft. Boiler 60 in. x 20 ft.; 44-4 in, tubes; 
Grate 5 ft. x 5 ft. 4 in.; Ratio 42.6. 

30.60 SIAM 
50.50 > 
0.40 


“10 2 15 18 2 25 80 34 40 
Pounds of dry coal burned an hour per sq. ft. of grate. Se ae 


burn, say, thirty pounds of dry coal an hour per square foot of 
grate, the following draughts are needed : 


Resistance of pass under boiler and through tubes with-) Q7 «: és 7 
Total draft of stack if no top pass is used............. ia = ah, © ‘8 
Resistance due to having retarders. ............ ....- 
Total draft if there is no return pass and retarders gg « 


Increased resistance due to return pass over top i 07 
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The following table, with its diagram (Fig. 99), should be valu- 
able in predicting the draughts needed for any rate of combus- 
tion from five to forty pounds an hour per square foot of grate 
with bituminous coal, natural draught, and horizontal tubular 
_ boilers, while it should be of use also with water-tube boilers, 
ine 


» 
TABLE OF -—DRAUGHTS AND COMBUSTION. 


REsISTANCE DUE TO | DraFt. 


| 
PR | N | With 

under ‘ASS No t With To 

Boiler and in over Top |Retarders. Retarders. | Pass 


through of No Return No Return 4 and R 
Tubes. No Boiler. Pass. ‘ass /Retarders. conden, 
Retarders. 


FURNACE 
. |DRAUGHT. 


Inch. | Inch. 


| 
| 


0.08 


Quality of Steam.—The steam was practically dry for every 
condition of the tests. By line 20 of Sheet No. 1A, or by column 
& " Sheet No. 1B, we see that the moisture varied from ().00 to 


Economic Evaporation.—Sheets Nos. 1A and 1B give tests with 
Thus 

a columns 1 and 2 of Sheet No. 1A give results when the boiler 
- (see line 29) is run at 52.4 horse-power without and with 
the retarders in use. By reference to line 24 we see that 
the evaporation per pound of dry coal (the water being reduced 
- toa feed temperature of 212 degrees Fahr., and evaporated at 


PouNDs 
BurNnE 
PER Sq. 
Fr. or 
GRATE. 
| 
Sn 5 0.04 | 0.04 0.00 m | 0.08 0.12 | 0.12 
8 11 05 | .02 .04 .16 .18 | .22 
12 | .05 24 .28 -29 | .88 
14 19 10 |  .08 29 | .82 84 
.20 05 381 84 | .86 39 
21 .12 -03 .05 .33 .36 .38 
20 .24 .08 .40 .48 -46 .54 
.26 18 12 06 | .44 | .56 | .50 62 
— .19 06 | .49 | .68 55 
. d 28 29 24 .80 .60 87 
81 .38 .63 1.01 71 1.09 
40 .88 | .46 .08 1.20 82 | 1.28 
a = Cites, 3 W aw 
=. pushed in capacity, the steam remained uniformly dry. This is 
Bite a Ji awn due to the larce liberating surface in boiler and the use of dry 
— pipes 
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atmospheric pressure—ze., “from and at 212 degrees Fahr.”) 
was the same whether the retarders were used or not. This 
is not, however, true for all capacities, for the wdvantaye due 
to retarders is as high as 18 per cent. when the boiler is greatly 
forced, as shown in columns 16 and 17 of Sheet No. 1A, lines 24 
and 26. 

The temperature of the waste gases is always less when retarders 
were used, as seen in line 13 of Sheet No. 1A. Herein lies the 
advantage of retarders. Their use renders more eflicient the 


DIAGRAM 
SHOWING THE ADVANTAGE OF Peet = 
RETARDERS 
IN SAVING OF FUEL 
By Jay M. Whitham. wa. 
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100 1% 150 1%5 200 


Boiler horse power scale. 


Fre. 100. 


heating surface of the tubes, enabling the gases to be reduced’ 
in temperature, and the same capacity of boiler to be developed 
with a less expenditure of fuel. 

Line 32 of Sheet No. 1A states the pounds of dry coal an hour 
burned to develop a boiler (evaporative) horse-power. It is known as 
the “ commercial line.” In Fig. 100, this line and also the tem- 
peratures of the-waste gases are plotted for the various horse- — 
powers developed by the boiler. The sheet shows at a glance 
the usefulness of retarders. A reduction in temperature of the 
waste gases shows at once a decrease in the coal consumption, © 
asfollows: = 
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52 horse-power, gases reduced 20 degrees Fahr,, fuel saving 0.0 per cent, 


19 


26 


Variation of Economy with Capacity.—By lines 24, 27, 29, 30, and 
a of Sheet No. 1A we see that the 100 horse-power boiler, 
rated on 11.37 square feet of water-heating surface to the horse- 
power, could easily develop over 200 horse-power. At its 
rated power 3.03 pounds of water, from and at 212 degrees Fahr., 
were evaporated per hour, yet on test 355 there was no difficulty 
in evaporating 7.26 pounds to one square foot, or in getting a 
_ horse-power on 4.76 square feet of heating surface. 
The cost in fuel of a horse-power was as follows for the tests 
made without the use of retarders : 


52.4 boiler horse-power, 3.30 pounds dry coal hour to one horse-power, 

99.7 8.25 : 
125.3 3.30 
150.0 3.24 
169.6 8.22 
3.36 
217.4 3.51 
239.0 ‘ 3.82 


These results show that there is practically no change in the 
economic workings of the boiler when run at from 50 per cent. 
below to 70 per cent. above its rating; i.e, when making 4 
_ horse-power an hour on anywhere from 21.7 to 6.7 square feet 

et of heating surface. 
‘The cost of fuel per horse-power was as follows for the tests 
made with retarders in the tubes : 


52.4 boiler horse-power, 3.30 — dry rie hour to one horse-power. - 
77.3 3.21 

104.2 3.15 

127.5 8.18 

148.6 3.14 

169.1 8.11 

197.3 8.23 

226.1 8.23 
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.  ienomiilly on 5 square feet of heating surface to the mae. 
as on 21.7 square feet, or, ae as on any number of square 


= 1. Retarders in fire tubes of a boiler interpose a resistance Saat 
varying with the rate of combustion, as shown in Fig. 99. i“ es 


2. Retarders result in reducing the temperature of the:waste 
gases, and in increasing the effectiveness of the heating surface 
of the tubes. 


3. Retarders show an economic advantage when the boileris = 


pushed, varying in the tests from three to eighteen per cent. pti 
4. Retarders should not be used when boilers are run very to 
gently, and when the stack draught is small. 
5. It is probable that retarders can be used with advantage in 
S plants using a fan or steam blast under the fire, or a strong = 
natural or induced chimney draught, when burning either an- a x y 
thracite or bituminous coals. 
6. Retarders may often prove to be, for an existing plant, as ee ne 
economical as an economizer, and will not, in general, interpose 
as much resistance to the draught. 
7. Retarders, of the form described in this paper, can be used ae cS; 
only with fire-tubular boilers. 
8. The economic results obtained on the boiler tested are via Tea 
ideal, showing that it was clean, the coal good in quality, and a ot oo 
the firing skilful. 
ie With retarders the tubes are more effectively cleaned than 
t. without their use. 
. 9. The tests prove that the marine practice of using vinsioes. ae: 
ot is good, and that the claim, often advanced, that they show from a 
five to ten per cent. advantage, holds, whenever the boiler ue ees 7 
ts is pushed and the draught is strong. 
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or 46 per cent. of grate surface. Ratio of water 4 L 
- connected to a stack 10 feet diameter by 175 feet high. Retarders made of strips of No. 10 iron 
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SHEET 


TaBLE SHowrne REsvULts oF A SERIES OF TRIALS ON A 100 H.P. Horizonraz 


CAMBRIA Co., PENN., RUN-OF-MINE BITUMINOUS COAL, TO DETERMINE THR 
ING ENGINEER, AT THE SUTHERLAND AVENUE STATION OF THE P. T. Co,, 


Number of column 1 2 3 4 5 ; 

. Number of trial 348 375 346 374 349 a | 

. Date of trial 9/19/95) 1/15/"96 | |9/17/°95| 1/14/96 | |9/20/°95 1/16/°96) 
. Duration of trial 9 | 9 9 9 9 Sn 

. With or without retarders in | || 
the tubes Witho’t] With. ||Witho’t| With. ||Witho’t) With. 


Average Pressures and 
. Atmospheric pressure per | | | 
barometer " 14.70 | 14.96 14.65 | 14.85 14.77 
. Absolute steam pressure in | 
boiler 135.20 | 183.16 || 135.45 | 133.35 || 187.17 
. Draught in pass over boiler at 
0.16 
. Draught in front connection 
of boiler setting. ......... 0.12 
. Draught in furnace over top 
0.07 
. Temperature of external air . ; 85 
11. Temperature of fire room.... 103 
. Temperature of feed water .. 76.4 
. Temperature of escaping 


ere 


. Total amount of wet coal 
as 


. Total dry coal consumed .... ls 2,154 
. Total ash and refuse in coal . 2 130 | 
. Percentage of ash and refuse 

in dry coal > .33 | . 6.04 7.42 
. Total combustible in coal.... ne | 1,42 2,024 | 2,072 2,745 


Quality of Steam and 


. Quality of steam, dry steam | | | i | 
taken as unity ‘ 0.9979 | 0.9955 | 0.9988 || 1.0000 | 0.9905 
. Total water apparently evap- | 
13,373 || 19,521 | 19,616 || 26,135 | 26,650 
. Total water actually evapo- | 
rate 18,735 | 13,845 || 19,433 | 19,592 || 26,185 | 26,897 
. Equivalent water evaporated , 
rom and at 212° F 16,276 | 16,281 || 28,049 | 24,000 || 30,970 | 32,288 
Economic Evaporation and Saving 
. Water evaporated, from and | \| 
.» per lb. of dry 


10,70 10.58 | 10,92 
. Water evaporated, from and 
at 212° F., per lb. of com- 


” 11.38 11.29 | 11.56 
. Saving in dry coal by use of 
Fetarders ,,.ccccccccccccese! Fer cent. || | 8.22 
Rates of Evaporation 
. Water, from and at 212° F., | 
er hour per sq. ft. of heat- 
ng surface \ 1.59 2.25 2.34 3.08 3.16 
. Dry coal burned per hour per 
sq. ft. of grate surface 6.49 8.89 9.33 12.13 | 12.80 


Horse-Power 


up. || sea! sea || v4.6 | 77.8 || 99.7 | 104.2 
| 
| 


Per cent. ||—47.6 \—47.6 —25.4 |—22.7 ||— 0.8 |+ 4.2 
Sq.ft. || 21.7 | 21.7 || 15.24| 14.71 || 11.87} 10.91 
Lbs. 8.20 | 3.30 || 3,21] 3.21 || 3.15 


Nores.—Boiler shell, 60 inches by 20 feet. Forty-four tubes, 4 inches by 20 feet. Gases have 
150 square feet. Steam-liberating surface, 83.3 anes feet. Grate: stationary, herring-bone pattern, 
é -heating surface to grate surface, 42.6to1. Distance 


bare grates. Barrus’ Universal Calorimeter used. Coal and water weighed. Observations taken at 


a 
4 
= 
— 
rietta Mine, Caminid Co., 
|! 
2.205 || 9,000 | 2,000, 
| 
17 164 | 
le 
: 29. Boiler H. P., on basis of % 
lbs. water, 212° F., per hor 
aa oe 30. Per cent. of power develope 
(+) above or (—) below 1f 
81. Square feet of heating surfa 
per H. P. developed.,... 
8%, Pounds of dry coal an hot 
per H. P. developed...,. 
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NO. 1A. 
TUBULAR BOILER, RUN AT VARIOUS CAPACITIES, BURNING HENRIETTA MINE, ae 
OF RETARDERS IN THE TUBES. MADE BY Jay M. WHITHAM, CONSULT- 
PHILADELPHIA, Pa. ; J. E. Gregson, Asst. ENGINEER ; L. KENNEDY, FIREMAN. 
8 9 10 || 11 iz 13 14 15 16 7 | 
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Run-of-mine Bituminous Coal. 
3,800 

8.724 6.04 | 6,556 
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4.93| 5.81 || 4.4 06 || 4.5 4.53 
3,54u | 3,434 5 2 | 6,269 
Total Water Evaporated. 
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| 0.9941 || 0.9981 | 0.9999 | 0. . 1.0000 
32,849 | 32,517 || 39,820 ; 57,440 | 61,987 || 
82,816 | 82,325 || 39,745 | 87,7 ; 57,440 | 61,913 


2 38,887 | 89,598 || 47,098 53,573 | 52, 920 re 70,192 | 74,296 
in Fuel by use of Retarders. 


10.44 | 10.86 10.70 | 11.09 
10.99 | 11.53 11.27 | 11.53 
4.02 8.55 
and Combustion. 
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a return pass over top of boiler. Water-heating surface, 1,137 square feet. Steam-drying surface, Gieros 
5 feet 4 inches wide by 5 feet long ; surface, 26.7 square feet ; air o nings, three-eighths inch wide, F 
of grate from shell, 18 inches. Distance of’ bridge wall from shell, 8 inches. Boiler is one of ten 
20 feet long. twisted in 10-foot pitch, or two convolutions per tube. 
iominute ntervals. Boiler cleaned at commencement of each test. 
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while “retarders,” as they are called, have been used more or __ 
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Mr. Charles Whiting Baker—It is a rather curious fact that — 


less for several years, and in some instances with very notable 
advantage, Mr. Whitham’'s paper is, so far as I am aware, the 
first extended account of their use and their advantages which 
has appeared in technical literature, although, of course, allu- 
sions to their use in connection with various steam plants have — 
been made in various papers. re 
Another curious fact is that the action of “retarders” inthe __ 
flue has been generally misunderstood, as is indicated by their — 
name. The retarder does of course obstruct and “retard” the 
flow of gas through the flue, but this is by no means the pur- 
pose for which it is placed there. If it were desired simply to | 
make the hot gases flow more slowly through the tubes, the 
simplest and best way is to check the draft by dampersin the 
chimney or at the ash-pit. =i 
What the so-called retarder does which is beneficial is to © 
increase the amount of heat transmitted to the tube surface — 
from the hot gases, and it does it in two ways: first, by a mix- 
ing action upon the gas in the tube. The friction upon the © 
surface of the retarder aids in stirring up the gas in its passage | 
‘ through the tube and in mixing the hot gas at the centre with the 
cold film next the surface of the tube. Also, in every horizontal 
tube there is a tendency for the gases to be cooler in the upper 
part of the tube and hotter in the lower, for the upper half of | 
the tube extracts heat far more readily from the gases than the | 
lower half. The twist of the retarder has the effect of repeatedly — 
turning over the gas in the tube as it flows along. 
In the second place, the retarder acts by direct radiation of 
heat to the tube surface. While this action may not be appar- ery 
ent at first sight, it is of such importance that it should be —_—- 
clearly understood. To this end the fact should first be real- = 
ized that the temperature of the tube surface exposed to the fire & i 
in any steam boiler is practically the same as that of the water 
in contact with it, no matter what the temperature of the gas a. 
on the other side. (We of course suppose the tube surface to 
be clean.) The reason is that water absorbs heat many times Ee o 2 
as rapidly as gas. As experimental proof I may add that in a a 
small boiler filled with cold water I have often seen dew on 
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- 2: and stand in beads upvn the fire side of the tube when a current 
of gas at a temperature of over 1,000 degrees Fahr. was passing 
_ through the tube. 
The rate of absorption of heat by boiler heating surface, then, 
depends almost entirely on how much heat we can impart to 
this surface on the fire side. In the ordinary boiler tube, heat 
- is imparted to the surface of the tube only by the contact of the 
_ hot gases. Now suppose we place in the tube any solid body, 
of any shape whatever. Manifestly, as it is surrounded and 
_ bathed on all sides by gases at a temperature of say 1,000 
degrees, it will, if it loses no heat, soon become of the same 
temperature as the hot gases. Suppose the 
surface of the tube is of a temperature of 300 
degrees Fahr.; then we shall have these two 
surfaces only an inch or two apart, and a 
difference of temperature between them seven 
times as great as exists between a very cold - 
winter day and the maximum heat of sum- 
Fie. 101.—Sectionof mer. Under these circumstances, of course 
boiler tube with the hot body at the centre of the tube will 
radiator in posi- 
pony energetically radiate heat to the walls of the 
tube, and will materially increase the amount 
of heat transmitted to the water. 
The amount of radiation in any given tube depends on the 
area of radiating surface and on the difference in temperature 
between the radiating surface and the surface of the tube. A 
radiator of cross shape, like that shown in the accompanying 
 eross-section of a tube, has a radiating surface nearly one and 
one-third times as great as the inner surface of the tube, and 
experiments show it to radiate nearly twice as much heat ina 
given time as a flat strip of a width equal to the tube diameter. 
I have made numerous experiments to test the efficiency of 
radiators with the apparatus shown in the accompanying sketch. 
It represents a section of a single tube of a vertical boiler. 
_ The water space surrounding it is well protected by non-con- 
- ductors, so that the loss of heat is very small. Through the 
tube a current of -hot gas is caused to flow from a lamp, gas jet, 
or other suitable source, and the amount of heat transmitted to 
the water in a given time is measured. The test is then repeated 
under identical conditions, except that a radiator of the form 
shown in Fig. 101 is placed in the tube. The increased amount 
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of heat transmitted to the water is taken as the amount due to 
the radiation from the internal piece. 

Experiments with the apparatus show the following general 
results : 

(1) That the percentage of increase in heat transmitted due 
to radiation increases with increase in temperature of the gases 
passing through the tube. 

(2) That the percentage of increase in heat transmitted due 
to radiation is larger in vertical tubes than 
in horizontal, on account of the fact that a 
given area of heating surface in a horizontal 
tube absorbs heat faster by direct contact 
with the gases than the same area in a vertical 
tube. 

In general, the experiments showed that, 
with vertical tube heating surface and gas 
passing through the tubes at a temperature 
sufficient for the tube to transmit 1,000 to 3,000 
B.T.U. per square foot per hour, the insertion 
of a radiator would cause an increased heat 
transmission of 200 B.T.U. to 1,200 B.T.U. 
per square foot of radiating surface per hour ; 
or, in other words, the insertion of a radiator 
in that part of the tube in which the gas is of 
high temperature appears to increase the 
amount of heat absorbed from twenty to forty 
per cent. Fie. 102.—Appara- 

These experimental figures for the amount 
of heat transmitted by a radiator in a tube are 
corroborated by the figures for relative radia- 
tion and convection given by D. K. Clark in his work on “ The 
Steam Engine,” p. 68, et seq. 

The radiators possess the advantage over the spiral retarders 
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described by Mr. Whitham in that they do not obstruct the _ 


draft to so great an extent, and they interfere less with the 
cleaning of tubes with the steam-jet blower. 

Experiments on actual boilers indicate that either device is 
most useful on boilers with short tubes of not too small diameter — 
and with an abundance of draft. With either device the tube 
surface must be kept clean, otherwise the increased efficiency 
will soon disappear, as is the case with the Serve ribbed tubes 
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when care is not taken in this respect. It appears likely that 
either of these devices may be used with especial advantage, 
therefore, where a clean fuel like gas or oil is used. Another 
application of these devices which appears to have promise is 
to the tubes of vertical boilers of the Corliss or Manning type. 
An objection to these otherwise excellent types of boilers is the 
very high head-room that is required to get in tubes long 
enough to extract the heat from the gases with reasonable com- 
pleteness. By the use of some device to increase the tube- 
heating surface efficiency a shorter tube should be permissible, 
with a consequent reduction in the height of the boiler. 

The economic gain by the use of either radiators or retarders 
depends entirely upon the temperature at which the boiler is 
discharging its hot gases. In general it may be assumed that 
every 100 degrees reduction in the temperature of the waste 
gases represents from five to ten per cent. saving in fuel. 

In general it will not usually be found worth while to intro- 
duce either retarders or radiators in the tubes of any boiler 
unless the thermometer shows its hot gases to be discharging at 
a temperature of over 550 degrees Fahr. 

I notice among Mr. Whitham’s conclusions the statement 
that “retarders can be used only with fire-tube boilers.” This 
doubtless refers to the proposition to place retarders inside the 
water tubes, which is absurd on its face to any one correctly 
understanding the action of retarders. The use of radiating 
bodies of extended surface, however, in the gas passages between 
the tubes of a water-tube boiler, should in theory give at least 
the same advantage as in the case of fire tubes. Two methods 
for effecting this radiating action, devised by the writer, may be 
found by reference to U. S. Patents Nos. 529,997 and 559,021. 

Mr. George H. Barrus.—I notice in the diagram on page 455, 
showing the temperature of the waste gases in these experi- 
ments, that when the retarders were in use the temperature was 
about an average of 30 degrees less than it was when the re- 
tarders were not in use, and Mr. Whitham says that the reduc- 
tion in the temperature of the waste gases accounts for the 
advantage due to the retarders. Of course this is true. Now, 
he says that retarders may often prove to be as economical as 
economizers. I think he ought to explain a little more fully 
what he means by that. I would like to understand whether 
he intends to convey the idea that no further saving could be 
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‘ made by the use of an economizer. I do not think any one has 
any doubt as to what he means, but I think he ought to put it 
on record as showing a little more explicitly the explanation of 
that point. 

Mr. Whitham.—With reference to the remarks of Mr. Barrus, 
I would state that on page 456 is a table explaining the diagram, 
Fig. 100, to which he refers. He will notice that when the 
boiler was run at 239 horse-power the gases were reduced 123 
degrees. Of course on the capacity tests the volume of gas was 
great, and the reduction in temperature of the gases was greater 
by the use of the retarders than at any other time, which ac- 
counts for the large saving effected. With regard to econo- 
mizers, it is well known that the saving by their use varies all 
the way from nothing to 10 or 12 per cent. If retarders in 
the fire tubes of a boiler will accomplish the same results, cer- 
tainly they are to be preferred, if for no other reason than the 
question of cost. There is nothing to prevent both retarders 
and economizers being used provided the draft is adequate. 
In general a plant is not provided with a draft great enough to 
stand the checking action of both. 

Mr. George H. Barrus.—It may or may not be true that econo- 
mizers so-called save all the way from 0 to 10 or 12 per cent. 
(my experience is that the range is from minus 5 per cent. to 
33} per cent.), but it is hardly right to place them in the same 
category as retarders' Economizers utilize waste heat, while 
retarders make the existing heating surfaces more efficient. 
The limit of temperature to which the former can reduce the 
flue gases is the initial temperature of the feed water, and this 
limit in some cases is the freezing point. Of course this can 
never be reached. In practice the temperature of the gases 
having an economizer often runs down to 200 degrees Fahr. 
On the other hand, the limiting temperature in the case of re- 
tarders is that of the water in the boiler, and this at 100 pounds 
pressure is 338 degrees. The actual temperature in Mr. Whit- 
ham’s -test with retarders, designated No. 16, was 523 degrees. 
With these figures before us, Mr. Whitham would ‘surely not 
have us believe that no advantage would result from utilizing 
the heat of the gases corresponding to the difference between 
523 degrees and 200 degrees! The probability is that a prop- 
erly arranged heater placed in the flue of the very boiler which 
he used in these investigations would have saved far more than 
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the 8.6 per cent. reported as the advantage due to the retarders ' 
on the test in question. 

It may be that retarders will in some cases produce as many 
per cent. saving as economizers in some cases, but it is hardly 
fair to the latter to make it appear, as Mr. Whitham’s state- 
ments seem to do, that retarders answer the same purpose as 
economizers. 

Mr. William Kent—I notice that in Mr. Whitham’s paper 
he does not seem to give any theory of the action of the retard- 
ers. He gives merely the data which he has observed. Mr. 
Baker in his discussion does give a theory. I wish to call at- 
tention to another possible theory which may act in conjunction 
with the theory of Mr. Baker. In an ordinary tubular boiler 
as ordinarily set there is a great tendency for the gases to go 
through the upper rather than through the lower tubes, and if 
we put pyrometers in these tubes, we will find that the gases 
going out of the upper row of tubes are much hotter than those 
going out of the lower row. I have found this by using bolts 
of iron placed in the tubes of a vertical row for an hour or so, 
and taking them out and putting them in water. A regular gra- 
dation of temperature was found from the upper to the lower 
tube in the vertical row ; also, by putting pieces of wood in these 
tubes it is found that wood in the lower tubes will be scarcely 
charred, while in the upper tubes it will be burned to ashes. 
If we put a pyrometer in the chimney flue of this boiler, we 
may find that we have a temperature of say 500 degrees, while 
the temperature of the gas escaping from the upper tubes may 
be 1,000 degrees, and that of the lower about 350 degrees, a lit- 
tle above the temperature of the water in the boiler. So that 
the 500 degrees is simply an average of the temperature of the 
waste gases coming from the different tubes. If, however, we 
can retard the flow through the upper row of tubes, or all the 
tubes, there will be a tendency for all the gases more equally 
to distribute themselves. So I submit that one of the actions 
of the retarder is possibly to force the gases to flow through all 
the tubes more equally. 

I have suggested for the use of tubular boilers another kind 
of retarder, differing from those mentioned by Mr. Whitham or 
Mr. Baker—namely, a deflecting plate running across the dis- 
charge end of the boiler, which will slightly obstruct the flow 
of the gases through the upper tubes ; this plate being pivoted 
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so that its deflection can. be varied so as to control the move- 
ment of the gases through the upper tubes. 

There is another feature about this question of the flow of 
gases through tubes. Not only do the gases go through the 
upper tubes at a higher temperature, carrying more heat to the 
chimney, but there is a greater velocity, a greater volume going 
through, and that tends to increase the loss due to the high 
temperatures. A similar trouble I have found in getting the 
temperatures of chimney gases in an iron chimney. By putting 
thermometers at different points in the cross section of the 
chimney I found great differences. I would get over 600 
degrees in the middle, and 400 degrees a few inches from the 
circumference. The average of these temperatures is incorrect, 
because the gases in the middle of the chimney are flowing 
faster. To get the true average temperature of those gases 
would require a knowledge of the velocity at different points— 
an operation in integral calculus. 

Mr. George I. Rockwood.—I am much interested in what Mr. 
Baker says about the use of retarders in the upright fire tubes 
of Manning and Corliss boilers. Of course the principal objec- 
tion to them would be that the tubes could not be cleaned with 
a scraper without some extra trouble; and in connection with | 
that point I would call attention to the custom on several _ 
prominent railroads of avoiding almost entirely the use of t» 
tube scraper by substituting compressed air in place of sieau 
for blowing the deposits of soot out of the tubes. Locomotive 
drivers say that there is a difference between the action of air 
and that of steam, in cutting out the soot, which is very marked ; 
that steam will harden more or less the deposits in the tube, — 
instead of cleaning it, by reason of the moisture which gathers 
in the tube from the condensing steam. : 

I am now putting up a Manning boiler plant, where I propose _ 
to try blowing out with compressed air instead of with steam. 


Mr. Carlisle Wallace.*—I notice in Mr. Baker’s remarks that ee ag 
he refers to Serve tubes, and, as the representative of the firm _ 
in Sheffield, England, who have the sole right to manufacture 


these tubes in England and America, I would like to make a 


few remarks on the subject. From our experience we find that ot . 
the saving effected either by Serve tubes or retarders, or both, == 
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depends very much on the nature or. amount of. draught used, 
The greater the draught, the greater the saving. In many 
instances the saving of coal amounts to 15 per cent., and even 
20 per cent., where both Serve tubes and retarders were used 
and the draught was equal to 3 inches vacuum in the smoke- 
box. In our boilers, in Sheffield, we use 3} Serve tubes, fitted 
with retarders, with splendid results; and we believe the 
retarders give us an extra economy of 5 per cent. by throwing 
the heated gases more effectually between the ribs, as well as 
retarding the rate of flow; and with a vacuum of 3 inches of 
water the tubes keep quite clean for a week. 

With regard to the remarks of one speaker about the differ- 
ence of temperature in the upper and lower tubes, I found 
from personal experience that, in the case of a marine boiler 
which was short of steam, I got the best results by fitting the 
top half of the tubes only with retarders, thus causing the lower 
tubes to do more work; and the same result is accomplished by 
a firm in England who fit a diaphragm in the smoke-box in 
such a way as to retard the passage of the hot gases through 
the upper row of tubes, the result being very similar to that 
mentioned by another speaker, of checking the flow of gases 
through the upper tubes by means of small ferrules placed over 
the ends of the upper tubes. 

Mr. Wm. Il. Bryan.—It appears to me that the device is 
rather one for improving a badly designed boiler, as it would 
seem that better work could be done by plenty of heating sur- 
face, well located, in the first place. Isn’t its effect very similar 
to that of extended radiating surfaces in steam heating? One 
objection which would practically rule the retarders out with 
our Western service is the low character of our fuels, and 
the very great amount of soot. Another is that it would cer- 
tainly impair the draught, or rather the effect of the draught 
on the grate surface, where we want it to do its work. I find 
that, with our coals here, plenty of draught is essential ; in 
fact, I have not found the limit. I do not believe we can get 
too much draught for the low-grade fuels we have here, always, 
of course, decreasing the grate surface, and burning at a higher 
rate. My great contention with steam users here is to give me 
enough chimney rather than reduce the draught we have. In 
regard to the statement made by Mr. Kent as to those dampers 
over the end of the tubes, their efficiency would, of course, be 
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improved by graduating them smaller and smaller as you go 
down, and not applying them of the same width over the entire 
surface. 

Mr. Edwin M. Herr.—The use of a retarding plate or dis- 
tributer is a common practice in locomotive work. Mr. Bryan 
has just outlined almost exactly the arrangement which is in 
use in locomotive practice, and has been for a long time. The 
deflector plate, it is called, is carried from above the upper 
tubes, inclined farther and farther from the tubes, and ending 
usually 16 or 18 inches from the bottom of the shell. This 
retards the gases passing through the upper tubes. 

The matter of blowing out the tubes with compressed air is 
also practised to a considerable extent in railroad work. I 
have had experience with this method, and can testify that it 
is very efficient and satisfactory. 

Mr. George H. Barrus.—I made a test on a 66-inch horizontal 
return tubular boiler for Mr. Weeks, of the Society, and I do 
not believe he would have any objection to my telling about it. 
There was an inclined baffling plate extending down and cover- 
ing nearly the whole of the tube openings, set at the bottom 
about 6 inches from the tube sheet. The regulating damper 
consisted of another plate centred at the bottom of the baffling 
plate, and fitting against the cleaning door in front. Now the 
best result on any of the tests reported in the paper is 11.56 
pounds ; I got on this particular trial about 12 pounds, 

Mr. Kent.—What kind of coal? 

Mr, Barrus.—Cumberland. 

_ Mr. Whitham.—I would like to add one point to make this 
paper plainer, and that is with regard to cleaning tubes. The 
idea seems to be that retarders interfere with the cleaning of 
the tubes. As a matter of fact, they are an aid. By catching 
hold of the end of the retarder and moving it back and forth, 
you disengage the deposit from the inside of the tube, when a 
suction blower will draw the soot out and drive it up the stack. 

Prof. J. H. Kinealy.—1.am very much interested in this, 
especially when I think of it in connection with the experiments 
of Isherwood. They bear also upon the theory advanced by 
Mr. Kent. Isherwood found that he got better results when he 
plugged up a number of the lower tubes than when he had them 
all open. It seems to me that retarders ought to give good 
results when the area through the tubes is large. I have 
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looked through this paper and can find no statement as to the 
tube area—the tube area per pound of coal burned. It seems 
to me that is quite important. Isherwood found it so; and, if 
I remember rightly, he also got better results when he put 
ferrules in his tubes where the tube area was large, reducing 
the calorimetric area, as it is sometimes called. Unless we can 
show by later experiments that Isherwood was mistaken, we 
must believe that closing the bottom tubes will probably give 
better results than closing the top tubes. 


? 


ite, 


: 
| 
aS 


A HYDRAULIC DYNAMOMETER, 


A HYDRAULIC DYNAMOMETER. 


(Junior Member of the Society.) 


BY JAMES D. HOFFMAN, LAFAYETTE, INDIANA. ow 


_ Tue above machine was constructed at Purdue University in 
the winter of 1894-95, to make a series of tests on the application _ 
of cutting edges to iron. It has been in use since September, _ 
1895, giving quite satisfactory results. _ 

The original design was obtained from Prof. J. J. Flather, 
with permission to change such parts as seemed best to accom- aie 
plish the work in hand.. The main features of the machineareas 
follows: Two cylinders, / #' (Fig. 104), are fastened diametri- __ 
cally opposite each other to a double yoke, which in turnis 
fastened to a hollow shaft. Each cylinder is connected to the 
centre of the shaft by the hollow tubing and ground jointshown 
at a’. The cylinders are rotated; that is, the shaft is rotated , 
by the pull of the driving belt on the loose pulley 4, tending to 
force the brass pistons to the bottom of the cylinders. The 
shaft and cylinders are full of oil, and any fluctuations of power 
between A, the receiving, and (, the delivering, pulleys, are 
shown in pounds on the gauge to the right, and an indicator 
card on the left hand. The oil flows around the bearing G, giv- 
ing good lubrication, and is kept from leakage by means of the 
stuffing-box shown in the section (Fig. 105). 

By a number of interchangeable gears, the paper has different 
speeds, which is of much importance in taking cards where 
sudden changes of resistance appear, such as turning iron of an 
uneven texture, or the short, quick stroke of the shaper. 

In working up the cards, the area and length are measured 
accurately, and the mean height (M. H.) obtained. This M. H. 
is converted into M. P. by calibrating the machine and finding 
the value of the resisting spring under the casting }' (Fig. 104). 


= 
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* Presented at the St. Louis meeting (May, 1896) of the American Society of 
Mechanical Engineers, and forming part ef Volume XVII. of the Transactions. 


ie, 
i> 
a 
33 
bin’ 
4 
yet 
x: 
: 
ima 
4 


The recording device (see Fig. 106) is designed to give a straight 
line motion, at the end of the pencil arm. A bronze point and 
metallic-surfaced paper are used. No flexible material, such as 
cup leather, is used in the cylinders, and the pistons fit loosely 
enough to reduce the friction toa minimum. When the oil runs 
low by leakage, it is the work of but a few minutes to replenish, 
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by means of the pump at the rear. The leakage does not exceed 
a half pint daily when doing ordinary duty. 

When in use, the cylinders are surrounded by a sheet-iron 
case to catch the oil. D and F'are oil tanks. 

Calibrating the Machine.—To do this, the method shown in 
Fig. 106 was adopted. Two thirty-pound gauges were selected 
and tested in the laboratory for this purpose. Readings were 
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taken from each gauge and averaged for results. By a down- 


ward pressure on the lever shown (the pulley A, held stationary © as 


Loose Pulley 


by wire to the floor), the gauge was brought to read exact — 5 
pounds, and at these readings the paper was moved, giving lines 


be 
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parallel to the base line. One of these sets of readings is shown 
in Plate 1. The average of the differences is the spring’s con- 
stant. 


PRESSURE PER GAUGE No. 1. 


AE 


REGISTERED HEIGHT AT RECORDER IN INC 


ad 


r 


GO DD OD 2} 29 29 25 
HW 


Difference... 


No. 2. 


Difference...| .307 | 368 | 368 | 286 | 3871 | 261 | . 362 


Total average difference, .344. 


To insure the pencil returning each time to the same line 
when the load is removed, a constant pressure is put on the 
spring when the piston in 4’ (Fig. 104) is against the stop. A sta- 
tionary bronze point is set to record this line, and all measure- 
ments are taken from it. The zero line is below the base line, 
a distance readily determined when the scale of the spring is 
known. As an additional check to any error which might 
occur in the above calibration, the spring is tested with the 
differential arm shown in Fig. 107. 

* From the results given in Plate 2, the constant of the spring 
is shown to be 0.345 inches, as compared to 0.344 inches by the 


gauges. 


* Area of larger cylinders equals 10 square inches each. Radius of the path 


Teor. 
3 1.97 2.62 
0 1.95 2.74 
6 200 2.73 
9 1.99 2.70 
; 65 2.02 2.70 
3 1.97 2.74 
8 2.00 2.75 
8 2.00 2.70 
4 1.95 | 2.70 
6 1.95 | 2.78 
8 1.95 | 2.67 
8 1.99 | 2.72 
7 1.97 | 2.71 
88 | | 30 | 40 | | 43 
ix 
: 
described by the centre of the cylinder equals 3.82 inches. 
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PLATE 2. 


WEIGHT AT END oF 4-FooT LEVER ARM, = 
Pounps. 


_ 
w 


w| 
| 
S| 
w| 
S| 
| 


Difference... . .431 .414 


Average difference, .434. 


In its use the dynamometer has possibly been more accurate 
when operated by differences ; that is, take a card of the machine 
(lathe or planer) in motion without cutting; then a card fol- 
lowing, with the tool in operation. The differences in the 


Fie. 106. 


7 
2 
| | | | | = 
No. oF Test. REGISTERED HEIGHT AT RECORDER IN INCHEs. 
9.......]  .21 62 
is 
Aver.....| .280 -669 
| -429 | .404 
E 
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heights of the cards are evidently due to the action of the tool. 
If the friction of the machine and work (without cutting action) 
is not sufficient to move the pencil from the base line, under the 
compression of the spring used, a device shown in Fig. 108 is 


Fie. 107. 


employed. With slight modifications this has been applied to 
every machine tested. If the object of the test were to register 
the friction of the machine, then the appliance shown in Fig. 108 
would be omitted, and the compression on the spring reduced 
by unscrewing the cap on the casting J’. 


Fru. 108. 


_ A few of the cards have been added to show how readily the 
recording device responds to any slight change in the power 
transmitted. 

Fig. 109 is taken from a 12x 18 tracing, and serves to show the 
gradual reduction in height of the card as the diameter of the 
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The friction of the machine and work was such a variable 

_ quantity, especially so considering the pressure on the tail 

centre, that it was found necessary to take friction cards at 
intervals during the series, as F, G, H. 

tie: Figs. 110 and 111 show the effect of sand holes in a oulleg 


TURNING CAST IRON, 1% TO 1%" 


<— 1,23- 


Cut 


-| T.20” Rev. Dyn. 40 : Rev. Dyn. 40 
Fie. 110. 


DRILLING CAST IRON, 1 HOLE, 


Drill dulled from No, 1 
not sharpened 


Area 1.55% Area 1,899 
M.Ht, .9457 M. Ht, 1.13” 

T. 28 Dyn. 112 Dyn, 112 


Fra. 
EFFECT OF TIGHT CENTER. 


The cutting edge of the drill (Fig. 111) was dulled, as indicated 
by the increased-height of the card after passing the sand hole. 
Fig. 112 was taken while turning machine steel. The tail cen- 
tre proved to be too tight, and from a to b shows an increase, 
due to the grooving of the centre. At > the pressure was 


: 

Porous 
| 
Area .719 Cut Area .71 
| 
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Fig. 113 shows a cut taken on the milling machine. The upper 
card shows the effect of running with the cutter dut of centre. 
The lower shows the same work done with a true cutter. 

Fig. 114 is taken from a 12x 24 tracing, and illustrates the 
action on a shaping machine. The change shown between the 
cards marked AZ and BC is due to increasing the feed. That 
shown between LC and CD is due to cutting with and without | 
lard oil, while the difference between L/' and GH was that of 
the machine running empty, with and without the feed. LJ aaa pee 
JK show similar reductions. 


n 
MILLING MACHINE. CASTIRON. 15x 51%” 
2"cutter, 70 revs. per min. Dyn. 550 revs.. Time, 4/45” 


Start Pes full height Finish} 

Par 
wl Cutter did not run true Sa 


Same as above, traced from actual cards taken. 


Cutter true 


Fie. 113. 


Fig. 115 is a part of Fig. 114 shown full size. The tool strikes — 
the work ata’ and the pencil responds to b’; from b' toc’ is the _ 
length of the card during cutting action. The tool leaves the © 
work atc’, and the pencil drops tod’. The machine then reverses, _ 
and the pencil mounts gradually to e’ at about the middle of the | 
return stroke, and then down to /’, where the next forward _ 
movement begins. As the tool is released at there is 
apparently a reaction which carries the pencil below the normal © 
condition, shown at d’ d’”, ete. 

It will be noticed from these cards (Fig. 114) that even the ¥ 2g “3 
power required to drive the feed mechanism can be readily de- fs =a 
termined. In working up the cards from a shaper, it is found 
best to take areas from similar points ; that is, from point a’ to. ee 
a’, or e to e”, etc. (Fig. 115). 
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Fig. 115. 


_ *The following (Plates 3 and 4) gives the data for one test 
taken on an 18-inch Reed lathe. The tool was sharpened before 
each cut, and the conditions surrounding the cutting edge of the 
tool were kept constant throughout the series. The cutting 


action only is recorded. 
PLATE 3. 
18-1ncH LaTHe. Back GEAR OvuT, SLOWEST SPEED. R. P. M. of dynamo- 
meter, 112. R. P. M. of lathe, 62. Diamond point tool. Constant, .824. 


Cast Iron. Wroveut Iron. MacHINE STEEL. 


TURNING. | 

ME. 


| 


| 786 
2.175 782 
.812 


- 762 


S 


2.003 {| .782 
| .748 

| .715 | 
1.740 + | .650 | ‘- 
.605 
.618 | 
1.826 | .672 | 


2 


| .592 
.540 
519 
581 
-521 | 1.609 


14” 


*The constant .324 was obtained in the manner previously described. 
difference here shown is greater than usual, the dynamometer having been in 
apart and — thus changing the conditions of the spring — 


4 
=. 
lg — 1% .069 |} .447| 1.379 03 || 2.447 
— 18” | 437 .407| 1.256 .68 
460 63 2% 
.283 ) ( 58 
19” —14” .408 | + .859) 1.108 57 2.027 
134" — 13” {| .819 |} .297| .56 
13” —14" 2| .298 .8484| .52 
. 
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PLATE 


Cast Iron. | Wroveut Iron. 
26 28 


ur. 


Ho 


“Weight 
er 


| . | 8.49 | . 

| | 7.89 | .313 
.236 | .429 | 7. 275 
.248 | .895 | 6.73 | .268 
.228 | .861 | 6. .230 
218 | .826 | 5.3 


12” 13" 
13” — 13" 


Co Crk 


249 | 702 | .274 


In finding the weight of metal removed per hour, the con- 
stants 2!, .28, and .284 were used for the weight of one cubic 
inch of cast iron, wrought iron, and steel, respectively. The 
cutting speeds were taken from the mean diameters (1;3, 14}, 
and 

The feed was retarded slightly in the harder metals. in the 
proportion of 1.48 for cast iron, 1.45 for wrought iron, 1.4 for 
steel ; the travel per minute, in inches, of the tool. From the 
foregoing a relation can be established between the weight of 
chips removed per hour and the horse-power used, such that 
HP equals CW. 

For steel, HP equals .039 W. 
Castiron, HP .021 W. ‘ 


* Comparing these results with those of Hartig and Smith, we 
have for “ Constant C”: 


ten: 


Cast Iron. Wrought Iron. : Steel. 


021 0847 039 
080082 


028 042 


The average pressure exerted at the point of the tool was 
found to be: cast iron, 192 pounds ; wrought iron, 337 pounds; 
and steel, 371 pounds. 


*The steel and cast-iron test pieces were of the best quality, but the wrought 
iron was below the average. vom 

+ Taken from ‘‘ Flather’s Measurement of Power.” al 


i 
$.—1.4” | | 8 > Hip > | 
a sae 29.4' | .356 | .52" | -187 | .516 | 8.67 
27.4’ | .381 | | 171 .480 | 8.06 
13° —1}" | 25.4’ | .807 | .45 .150 | .445 | 7.48 
14” — 18” | 28.4’ | .282 | .41' .124 | .409 | 6.87 
— 13” | 21.3 | .258 | .38% | .115 | .874 ; 6.28 
13° —14" | 19.3’ | .233 | 103 | .838 | 5.68 
| 
| 
} 
: 
2 
| 
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Other important points might be tiie’ here in connection 
with this test, but the above will show fully the general condi- 


tions surrounding ma use of the dynamometer. a 


Mr. Gustavus C. Henning.—I would like to say that I talked Ne 
this design over with Mr. Nason, who has some ideas on the __ 
subject, and I will not encroach upon his field; but I would like © me 7 
to point out a few other points, although I agree with Mr. Nason ie : 
in the remarks that he made to me. In regard to the possi- tae 
bility of error in the operation of the machine, I consider that = 
the loss of oil, and the consequent relative changes of position 
of the piston and piston rod, or connecting rod, will introduce Ge: 
errors, because the centrifugal force will act differently on the mt a 
cylinder, and might change some of the factors of resistance in 
the machine. The necessity of making these cylinders yrened x | 
late, so to say, I do not think is apparent or very great. I think _ r. ie 
if, instead of using pistons, proper flexible diaphragms were Pa ma 
used, with sufficient motion to force the oil out just in right ae * 
quantities to move the pencil over the length of the paper, all ca ie 
the leakage through the stuffing-box would be avoided, and the _ fs 
friction of those flexible diaphragms, if they are properly © fe Lae 
designed, is practically nothing, or at least it is constant, if it is ee < 
not nothing. It is certainly negligible, judging from other nak 
apparatus which has been constructed on this principle. The | ae 
ground joint can be made tight, so that there will be no leakage oe 
running 24 hours, if you please. That would simplify matters, 9 
and would eliminate some of the principal errors. The 
pressure should always be normal to the piston from the point is 
of application, which is the pin which comes out from the loose A 
pulley which forces the oil out into the cylinder driving the ~ 
pencil over the paper. Now, if the piston changes its eae 
very much, the angle of application of the force will change; 
while if a diaphragm was used, which is always sealed tight, no — te 1 
oil would be lost, and the diaphragm would at the same time — be . 
allow the ry to come back again when the pressures are as Be 
released. I think the additional supply of oil should be 
avoided by substituting, instead of a piston moving in a ~ 
cylinder, thin, flexible diaphragms, eliminating friction as well, 
because the friction of the piston must be something, and 
although it can be determined, it may become variable. It is 
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always one of the additional elements of error which must be 
taken care of. 

Mr. Carleton W. Nason.—I have but little to add to what Mr, 
Henning has said, but in a talk with him last evening about 
this paper I suggested that as it was admitted that there was a 
definite, though small, amount of oil leakage past the pistons, 
such leakage must necessarily change their position in the 
cylinder. 

This being the case, it is evident that as the pistons 
approach the ends of the cylinders the pressure transmitted 
to the indicator becomes greater, for the reason that, the 
cylinders being oscillating, and the distance between the piston- 
rod pins and cylinder trunnions variable, the angle enclosed by 
lines drawn through the rod centres and those radii of the 
pulley which pass through the trunnion centres diminishes, and 
hence the thrust is proportionately increased. 

Myr. Henning is, I believe, quite right, however, in the state- 
ment that centrifugal force will lessen the pressures transmitted 
by the pistons as they approach the cylinder heads, and in 
estimating such reduction the weight of the oil in the cylinders 
should be added. If leakage is considerable, experimental 
work going on for several minutes would require perhaps two 
or more base lines to insure accurate results in comparing 
various parts of cards. 

Whether the piston motion is sufficient to affect sensibly 
cards from the cause given is not stated, and information regard- 
ing this would be of interest. 

Mr. H. H. Suplee—This device resembles very closely an 
apparatus on which I did some work several years ago in Phila- 
delphia, in making a load governor for a steam engine. It 
contained two cylinders much in the same shape as this 
dynamometer, acting in conjunction with centrifugal force, 
the idea being to obtain a load governor similar to that which 
is made by springs, as in the well-known Ball load governor, 
operating by hydraulic cylinders pressing on oil and delivering 
the pressure through a plunger on the end of the shaft. It 
worked all right, except that it was too sensitive, as Mr. Hoff- 
man has said, and had to be abandoned for something which 
should not work quite so well. Possibly when he has found 
how to make this not too sensitive, his device bd be av 
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Prof. W. F. M. Goss.—My experience with transmitting = ; 
dynamometers of several different forms convinces me that such _ 


machines have a difficult part to perform. It is for this reason = a ES: 


that I have been interested in Mr. Hoffman’s work. While his is ea 
machine requires careful manipulation, there seems to be no a “ae 
real difficulty in locating the zero line; moreover, the form of i 
the record permits the machine to be used with great facility _ 
where differences in power transmitted only are desired, and - 
most problems involving the machine may be solved by differ- ms 
ences. It has seemed to me that the results obtained from the 
machine justify its design. 

Mr. A. F. Nagle.—It may interest the author to know that 
nearly twenty years ago I patented a hydraulic dynamometer,* 
with which Mr. C. J. H. Woodbury (member of the Society) did 
considerable experimenting. The inherent defect in my design ~ e 


Ve 


was the same-which has been pointed out in this discussion— 
that the effect of centrifugal force upon the fluid made a recali- _ 
bration necessary for every change of speed. 

Mr. James D. Hoffman.t—I am pleased to make a few remarks — 
in closing, and will endeavor to be brief. Mr. Henning would — ee i: 
substitute flexible diaphragms for the pistons, stating that““the = 
leakage through the stuffing-box would be avoided, and the fric- _ : 
tion, if any, would be a constant quantity.” If there were no i ¥ 
leakage except the small amount around the cylinders this 
might be a good suggestion; but the stuffing-box spoken of in | a 
the paper is at the rear of the machine, having no connec- 
tion with the cylinders, and it is at this point where most of the — 
oil escapes. The substitution, then, as suggested, would unfor- 
tunately not cover the objection. If it were thought necessary to. — a o 
eliminate this small leakage which occurs at the stuffing-box, a : a 
different kind of bearing could be used at this end, in which 
case the cause of leakage would be avoided. The présént — 
arrangement merely affords an additional means of readily 
obtaining the pressures during the progress of a test, and has 
nothing whatever to do with the working of the dynamometer. 
My experience with diaphragms has shown that the results are 
not as accurate nor as reliable as those obtained by the use of . 
pistons. They were tried in connection with this machine, with 
the result that the full pressure was recorded when the dia- 


* Patent No. 195,837, October 2, 1877. 
Si Author’s closure, under the Rules. 
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iii was near its mid position, but the effect on the pencil 
diminished as the diaphragm left its mid position, and for this 
reason made it a difficult task to work up the cards. 

The friction of the pistons is practically a constant quantity 
from the fact, as stated in the paper, that there is no flexible 
packing in the cylinders to cause a change. The ground joint 
is free from loss of oil. The reason for having the cylinders 
“ pendulate ” at the central trunnions is the fact that the pres- 
sure is always normal to the pistons from the point of appli- 
cation, as the gentleman suggests should be the case. 

In answering Mr. Nason I would say that the movement of 
the piston on the application of a full load does not exceed one- 
eighth of an inch, and that further movement from loss of oil for 
a run of half an hour should not exceed one-eighth of an inch, 
giving a total variable movement of the piston not exceeding 
one-quarter of an inch, for a duration of time sufficient for 
nearly any ordinary test. The change in the angle suggested 
by him is, therefore, very slight; and even if this were several 
times greater there would be no appreciable error. In use, the 
piston has been allowed to have a movement of from three- 
eighths to one-half inch before replenishing the oil, and the 
effect on the base line of the card could not be detected. 

I would like to correct the impression that the dynamon- 
eter was ‘oo sensitive for practical use. If there was any 
question as to how the recorder works, it is on the side of its 
being sensitive enough to show fluctuations of power of such a 
short duration as to make them of no practical value to an 
experimenter. While some of the cards obtained were some- 
what complex, it has been possible to use all of them without 
any serious amount of labor. Some experiments have been 
made to overcome the above objection, and it seems quite 
probable that the solution may be in the form of an attach- 
ment to the pencil arm moving in a heavy liquid, such as 
mercury. 

Mr. C. W. Nason.—I by no means intended to criticise ad- 
versely the method used, for I think it most ingenious, and be- 
lieve it will give results of small variation in power expended 
which are unobtainable in any other practical way. 

While it is true that theoretically all base lines will be curves, 
it is evident, from what Mr. Hoffman has just said, that they are 
.so nearly straight that the error is inappreciable. If the leak- 
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age were large enough to affect results sensibly, the pistons pe . 
might be kept in a fixed position by running the pump at a A 
speed which would deliver an amount of oil just equal to the 


leakage. 
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STEAM. 


FACTS, DATA, AND PRINCIPLES RELATING TO THE PROBLEM. 
BY R. H, THURSTON, ITHACA, N. 


Member of the Society and Past President.) 


‘* A peine ai-je besoin de dire que si je m’exprime ainsi ce n’est en aucune 
facgon pour critiquer, dans le sens ordinaire du mot, ce qui a été produit jusquiici 
comme théories des moteurs caloriques, Les travaux de Clausius, de Rankine, 
de Zeuner, de Combes, etc., sur ce sujet, sont et resteront des ceuvres mémora- 
bles dans l’histoire de la science. Si, comme experimentateur et comme analyste, 
je viens montrer aujourd hui que ces ceuvres demandent a étre complétées, j’es- 
pére que, bien loin d’en affaiblir la valeur, je ne la mettrai que plus en relief.”— 
Hirn. 


Inrropuctory.—Superheated steam, as an element in the 
actual and possible improvement of the efficiencies of the steam 
engine, has for many years received much attention from the 
most able and experienced engineers on both sides the Atlantic; 
but, while this interest is based upon an unquestionable and un- 
doubted advantage coming of its employment, the practical 
difficulties which arise in the endeavor to avail ourselves of its 
promised economical gains have proved, thus far at least, to 
more than balance the advantage derivable by its application, in 
all ordinary and usual cases. At one time it became the most at- 
tractive and common field of invention, in expectation that, like 
expansion of steam, it might prove to have unlimited influence 
in improving the action of the engine; and many steam engines 

aa boilers were brought out supplied with arrangements for 
_ superheating the steam which, in some cases, actually gave results 

that were fully up to the expectations of their designers and 
users, so far as economy of steam and of fuel went; but they all 
proved, in the end, wasteful of money—the final test of the en- 
—_— work—through increased cost of maintenance, and in 
_ consequence of, as it seemed, inevitable inconveniences and even 


* Presented at the St. Louis meeting (May, 1896) of the American Society of 
a Mechanical Engineers, and forming part of Volume XVII. of the Transactions. 
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SUPERHEATED STEAM. 


dangers; and English and American engineers have, for now — 
many years, rarely attempted its employment except on a very 
moderate scale and in a very conservative manner. 


the subject attracts more » attention, and secures a more tolerant; 
if not an actually respectful, attitude on the part of the practi- Wak 
tioner, the desirability of finding ways of availing ourselves of _ 
the economy to be attained through a successful practice in this 
direction has been so fully recognized, that considerable num- 
bers of steam engines are there constantly in use with moderately 
superheated steam, and occasionally some enthusiastic inventor _ ee 
or builder brings out a machine working with superheated steam 


of high temperature. The European, and especially the Con- ers ar Fe. 
tinental, builders and users are thus to-day very much more oe oa 
familiar with the subject than are our own, and progress in this ee. a 


field is there continually, though still slowly, taking place.* be Pe 
The purpose of the following paper is to give a résumé of the 
“state of the art” to date, so far as data at hand permit, with a — 
brief and simple discussion of the theoretical side of the subject, _ 
and, finally, deductions relative to the direction of improvement, _ 
and the promise given by experience and scientific study, to date, 
in regard to the possibilities and probabilities of gain by ote 
use of superheated steam, either in the ordinary working of _ 
the familiar forms of engine, or in real “superheated-steam 
engines.” 
Of the four principal and recognized methods of reduction of ir 
that form of waste in the steam engine which comes of initial, or ‘d 
cylinder, condensation—compression, jacketing, compounding, 
and superheating—the last named, could all mechanical difficul- 
ties of construction and operation be overcome, would be by far 
the best and most effective. It would involve no important eee 
change in the boiler; but little, if any, extension of its size and _ 2 ; 
cost ; no such complication of engine construction as the jacket _ 
compels, no change, in fact, in the design or construction of the oe 
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+ a seeking information on this subject, the writer consulted numerous friends 
and acquaintances on both sides the Atlantic, and nearly all noted builders and : «: 
contemporary-authorities. The outcome of this somewhat full and formal investi- 
gation was that substantially nothing is being done on this side the ocean, and 
our own people, as a rule, have no experience in the practical use of highly 
superheated steam. Such information as was obtainable from these classes of 
engineers, and from men of science expert in engineering, usually came from the EF 
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engine, and would achieve completely the result sought to be 
attained by its employment. The two kinds of difficulty to be 
overcome are those attending the construction of a superheater 
incapable of injury by the process of superheating, and the in- 
troduction of the required and variable amount of superheat at 
the engine without injury to cylinder, piston, valves, or packing, 

This problem is to-day the most important of all the visible 
and possible tasks confronting the designing engineer who seeks 
the further improvement of the steam engine as a thermody- 
namic machine. Its solution will go far toward the insurance 
of further steady advance, even beyond the limits now appar- 
ently set by those practical conditions which seem to have 
closed in upon the machine, in later years, more and more closely, 
and which have been thought by many to be likely to compel 
the abandonment of this type of heat engine and the adoption 
of the gas engine in its place. 

Gain at the boiler is not precisely the subject of this study; 
but it should be distinctly recognized that, incidentally, the 
superheating apparatus, as most commonly applied, constitutes 
a very considerable addition to the heating surface, and thus, 
increases the efficiency of the boiler. The gain thus obtained 
at the engine is, as in the case of steam-jacketing, always accom- 
panied by a larger gain at the boiler, and this occurs in two 
distinct ways. First, the reduced expenditure of steam at the 
engine makes the demand upon the boiler less than otherwise 
would be noted, and thus, the quantity of steam made per unit of 
heating surface area being reduced, the result must always be, 
in good practice, a gain of efficiency at the boiler. Secondly, 
the added heating surface of the superheater gives a still further 
gain, by precisely the same sort of increase of efficiency, and, 
the two effects conspiring, a gain in steam utilization at the 
engine is found to have a corresponding gain at the boiler, in 
consumption of fuel, that may be very considerably greater, nu- 
merically. As with the steam jacket, or with compounding on 
the locomotive, a gain of twenty per cent. in steam consumption 
may be accompanied by gain in fuel expended, for a stated power 
and work, of- twenty-five per cent., or even more; the latter 
excess of gain being the greater as the boiler is, initially, the 
less economical. 

SUPERHEATED STEAM differs from steam in the familiar, “ satu- 
rated,” state in the fact that it has a temperature exceeding that 


- 
| 
j 
‘ 
. 
3 
Fi 
or 
= 


of the water from which it is formed at the temperature due _ i 
the pressure with saturated steam. The excess of tempera- es F 
ture must be conferred upon it by isolating it from its liquid and — 
exposing it to contact with substances themselves heated to 
still higher temperature, or by mixing it with other steam, pre- 
viously raised to a degree of “superheat” as much in excess of 

the desired superheat as the total mass of the mixture exceeds 

that of the superheating steam. The latter method is sometimes 

called, distinctively, “ adheating.” Steam and water, in contact, 

and in the process of vaporization of the latter, are always of 
similar temperature, and this temperature is always that due the 
pressure as stated in the steam tables. The steam formed 

being brought into contact with substances of higher tempera- 

ture rises in temperature by absorption of heat by conduction, 

and, if thus superheated a moderate amount, loses the character- _ 
istic properties of vapor and takes on those of a gas. Gaseous 
steam, steam gas, has sometimes been called “stame” to distin-— 

guish it from steam “dry and saturated,” as obtained by slow 
evaporation i in the steam boiler, and as always existing when . 

rest in contact with the water from which it has been formed, | “he : 
and out of contact with more highly heated substance. The 
range of heating from the condition of dry and saturated to | 
superheated steam is considerable—9 degrees C., 16 degrees _ 
Fahr., according to Hirn—and, within that range of temperature, — 

the properties of the fluid are intermediate between those of a 

true vapor and those of a gas. With steam in the latter form, | 

the thermodynamic formulas for the perfect gas become appli-- 
cable, and we have, as shown by experiment, in British measures, 

pu = R = 85.5. 

Plotting the curve exhibiting the relations of pressure and — 
volume of steam gas, and comparing it with the similar curve for 
saturated steam, it will be observed that the former exhibits 
larger values of specific volumes for stated pressures and falls 
outside the former. Hence, the latter demands most heat 
during expansion and must partially condense, as it cannot : 
the demand for heat to be converted into work from its store of 
sensible heat and still remain a vapor. 

Volume for volume, saturated steam does more work me 
superheated ; weight for weight, the contrary is the fact. a, - 

STEAM IN THE Stream EnaGINE, superheated or saturated, is 
worked in precisely the same manner, and ordinarily the indi- 
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SUPERHEATED STEAM. 
cator diagram gives little or no indication of the quality of the 
steam, except by its study in comparison with the coincident 
measures of feed-water supplied the boiler. Careful measure- 
ment, however, gives a means of ascertaining the quality of the 
working charge of steam at every point in the stroke of the pis- 
ton within the limits of the “ expansion line.” The “ saturation 
curve ” being drawn for the weight of fluid traversing the engine 
per stroke of piston, the variation of its abscissas from those of 
the diagram itself measure, on the one hand, the quantity of 
steam condensed behind the piston, if wet, and on the other, the 
expansion due superheating if the charge is thus given increased 
volume. In the case of wet steam, further data are needed, as 
obtainable by the steam calorimeter, to determine to what ex- 
tent the moisture present comes of original “ priming” and 
what from later condensation in boiler, steam pipes, and steam 
cylinder. 

Steam may be worked in the engine either in the saturated 
condition, as constantly wet, or as steam gas, or as, from time to 
time in the course of the piston stroke, a fluid changing from a 
higher to a lower state as respects its stored heat. It may even, 
under exceptional conditions, change in the jacketed cylinder 
from wet steam to dry and from dry to superheated steam. In 
the usual case, wet steam becomes wetter, and superheated 
steam becomes wet, as loss of heat from the working charge 
occurs by transformation of thermal into dynamic energy. This 
reduction in quality of the working steam also occurs through 
waste by absorption of heat by the walls of the cylinder, and the 
advantage of employing superheated steam is reduction of this 
waste. It is never used in the common forms of steam engine 
us a “ working fluid” in the ordinary sense. Working steam is 
always wet. 

It is usually considered impracticable to employ superheated 
steam as the working fluid of the steam engine, since to retain 
the gaseous condition throughout the stroke, and despite the 
transformation of heat mto work during the period of adiabatic 
expansion, it is requisite to carry the superheating, initially, to 
a higher point than is, at present at least, safe and practicable. 
Its use in this form presumably involves the construction of a 
special form of engine that shall permit its safe employment, 
and at the same time evade those forms of waste which have, 
hitherto, reduced the superheat to zero immediately upon the 
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entrance of the fiuid into the cylinder of the engine and ies 
- eonverted the cycle of the machine into the familiar form, work- 
ing saturated or wet steam. Assuming the practicability of thus» 
employing superheated steam, however, the possibilities of fur-— 
_ ther economical advance in the operation of the engine become 
very great. With such an engine, combining the advantages of 
large thermodynamic range of working, and consequent high 
thermodynamic efficiency, with comparatively high mean work- — 
__ ing pressures, in consequence of the comparative density of the | 
ay ‘substance, and thus securing high mechanical efficiency, the 
machine might be expected, if successfully constructed, to give 
a higher total and commercial efficiency than either the gas 
engine or the ordinary form of the steam engine. — 

The steam engine using superheated steam is, to-day, always 
an engine in which the working fluid is wet, but is dryer than 
when employing saturated steam, in the proportion to which 
the surcharge of heat in the superheated steam reduces the 
condensation ordinarily taking place at entrance of the working 
charge into the cylinder. 

Tue Purposes of SUPERHEATING STEAM, as practised in the past 
and as recognized at present, are the following: 

(1) Raising the temperature which constitutes the upper 
limit in the operation of the heat engine in such manner as to 
increase the thermodynamic efficiency of the working fluid. 

(2) To so surcharge the steam with heat that it may surrender 
as much as may be required to prevent initial condensation at 
entrance into the cylinder and still perform the work of expansion 
without condensation or serious cooling of the surrounding walls 
of the cylinder. 

(3) To make the weight of steam entering the condenser, and 
its final heat-charge, a minimum, with a view to the reduction 
of the volume of condensing water and the magnitude and cost 
of the air-pump and condenser system to a minimum. 

(4) To reduce the back pressure and thus to increase the 
power developed from a given charge of steam and the efficiency 
of the engine. 

(5) To increase the efficiency of the boilers both by the reduc- 
tion of the quantity of the steam demanded from the original 
heating surface and by increasing the area of surface employed 
to absorb the heat of the furnace and flue gases, and also by 

evading the waste consequent upon production of wet steam. 
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The first of these processes has not yet been made successful, 
and no satisfactory form of steam engine has been yet constructed 
in which the increase of thermodynamic efficiency to be thus 


gained has been attained by the working of steam as a gas Z A 


throughout a cycle, or even in which any large increase of work- 
ing range of temperature above the minimum limit—that of sat- 


uration at the temperature of the condenser—has been secured. 


by superheating. The Siemens superheated steam engine illus. 
trates an attempt in this direction. 

The second of these methods of improvement of the steam 
engine has been frequently attempted, usually without perma- 
nent success, and it remains a promising but unsolved problem. 
It is this method which is, mainly, the subject of this memoir. 


Its value consists solely in its power of reduction of the internal _ 


wastes of the engine by the substitution of a comparatively gas- 
like fluid, with reduced heat-transferring power, for the easily 


condensed and highly conducting vapor, saturated steam, with oe 


consequent diminution, by a large proportion, of the waste 
known as initial or cylinder condensation. This it does with un- 
doubted and great success ; but the endeavor to utilize this well- 
recognized method of improvement of steam-engine efficiency is, 


in practice, found to be fraught with so many and such serious _ 
practical difficulties of construction and operation that it has, 


hitherto,»been very little employed, and seldom, if ever, as yet, 
with complete success. 

The third gain by the use of superheated steam is a minor but 
unquestionable improvement, to be anticipated as incidental to 
the use of superheat for the other purposes enumerated. _ 

The same | to the item in the 


of superheating erie comes vaineiiie of the extension of the 


ratio of the area of boiler heating surface to the weight of steam ‘ 


to be supplied in the unit of time. Equal or greater gain would = 
be secured by similar extension of the heating surface of the 
boiler itself, since the difference of temperature between the 
gases delivering and the fluid receiving heat would be greater 
than with the superheaters in operation. Superheaters,therefore, 
are not desirable where a boiler is employed for heating pur- — ‘oe 
poses purely, except, possibly occasionally, where superheating, __ 
by reducing condensation, facilitates the transfer of steam from 


_ the boiler to some’ distant point at which it is to be employed. 
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_ The thermodynamic theory of the steam engine was long since 
_ recognized as incomplete, and the supplementary physical theory 
of wastes of thermal and of dynamic energies was long since . 
shown to be required to complete a practical and usefully appli: 
cable theory of that wonderful motor. 
The work of Hirn, and of Clark, and of Isherwood and their _ an 
successors has not yet sufficed fully to perfect the modern pnts ee 
theory of the steam engine. a Sere 
Tue GENERAL THEORY oF THE STEAM and especially 
as affected by the employment of the steam jacket and of super- __ 2 
heated steam, has been very minutely studied by M. G. Leloutre, _ 
in a treatise submitted to the Société des Ingénieurs Civilsde 
France, and for which he was awarded the Fourneyron prize in 
1889.* In this extensive and extremely important document 
may be found some useful discussions of the action of super- e: 
heated steam and of the resultant effect on the efficiency of en- | oy hae 
gines. He, however, employs the theory of Zeuner, whoassumed > 
that it is practicable to secure, as a working fluid, permanently oe a: 
superheated steam. 
Leloutre computed the thickness of metal affected by the heat | 
transfer observed at Logelbach, in Hirn’s jacketed engine, as 
} millimeter (0.01 inch), and concludes that the action of initial | 
condensation must be practically instantaneous. He deduces a 
constant for the heat waste, as a function of the area of the ex- ig 
posed cylinder wall and the variation of its temperature pro- 
duced by the action of the exhaust. The fundamental principle 
of this discussion is the following: 
All the heat which is introduced into the superficial, internal = 
portion of the cylinder wall, by any means whatever, whether by | 
jacketing, superheating, or compression, diminishes the waste Tae 
by initial condensation in proportion to its restriction of the © oe 
range of temperature through which that surface fluctuates in | ps Bari 
the course of the engine cycle. Otherwise expressed: The heat | 
stored in the inner surface of ‘the cylinder wall, during and by — es: ees 
initial condensation, is reduced in proportion to the quantity oom “liste 
communicated and stored by the method adopted to effect nd aa 
economy. Ke 


The above principle requires some corrollary comment: The ee 


— 
* Vide Comptes Rendus de Academie des Sciences, 
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im oe heat stored by initial condensation is mainly rejected and wasted 

at each passage of the engine through its exhaust period; that 
stored and, later, wasted by the action of the engine, when jack- 
Hoey, -eted, when employing superheated steam, or when worked with 
ome large compression, is not only less in proportion to the reduced 

temperature range, but, also, this temperature range is further 
restricted as the surfaces are held up, more and more completely 


_Leloutre employs the same algebraic treatment, therefore, 
i ie whether the heat stored in the cylinder wall, in reduction of 
initial condensation, comes of jacketing or of superheating. He 
studies the physical condition, the “quality” of the steam at 
. _ the boiler, in the steam chest, in the cylinder at cut-off, at ex- 
- haust, and in the condenser. He computes an economy of 21 to 
on ial 4 25 per cent., with moderate superheating similar in extent and 
ay 2 in method to the cases reported by Walther-Meunier ; while the 
= _ gain by an efficient jacket, in the Logelbach experiments, is re- 
is ported as 22.5 per cent. Superheated steam gives somewhat 
higher terminal pressure, on the expansion line, than with the 
game engine jacketed. The drop in pressure at entrance is one- 
third as great, in the Logelbach experiments, with the jacket in 
= use as when employing saturated steam, and about one-fifth as 
great with superheated steam; the latter being purely conse- 
quent upon throttling at the ports, the former due to combined 
i throttling and condensation. The moisture present at the end 
of admission is about sixty per cent. with the jacket, compared 
with saturated steam, and about sixteen per cent. with super- 
heated steam ; and at the end of expansion, three per cent. and 
_- gero respectively ; notwithstanding the fact, the remarkable fact, 
oh ad that the superheat only transferred to the cylinder wall about . 
Bae _ one-half as much heat as did the jacket. 
so _ The purpose of the engineer in applying either method of 
- economizing heat, whether by jacketing, by superheating, or by 
-_ eompression, is recognized as being the reduction of this waste 
at its very incipient stage, the prevention of initial condensation. 
- Superheating possesses the advantage of penetrating every crev- 
un ice and reaching every cooling surface of the interior of the 
___ eylinder wall; it does not supply heat continuously during ex- 
pansion, as does the jacket; but it does not, on the other hand, 


Te a necessarily waste heat during the period of exhaust and conden- 


Lal 


. and constantly, to or above the temperature of saturated steam 
and as the heat-transferring power of the fluid is thus reduced. 


sation. Superheating always acts in prevention; paling, 
necessarily unable to communicate heat, when the difference — 
between the temperatures of entering steam and cylinder wall is 
slight, can only remedy an already existing evil, and cannot wl 
thoroughly effective as a preventive of waste. Jacketing in- 


creases the areas of heat-wasting surface; this is not the fact — y < 


with superheating. > 


Mr. Dixwell illustrated well the principle involved in the re- ee 
duction of internal wastes in the steam engine by the prevention a = 


of initial condensation when he called attention to the fact that, : i et 
at high temperatures—380 degrees Fahr., under atmospheric — 


pressure—moisture is repelled from such metal surfaces, and Ppa 


cannot be deposited in such manner as to surrender its latent — By 


heat. At such high temperatures, therefore, all loss by cylinder Je 
condensation may be prevented, and only the comparatively _ 
small transfer of heat “from steam to exhaust,’ by the ectlet i 
of dry vapor, will be met.* Studying the reports on some fifty - 
cases, with engines varying from thirty-six to ninety inches 
diameter of cylinder, he concluded that the proportion of steam _ 
initially condensed was substantially the same for the same de-_ a 
gree of expansion in all, when unjacketed and under similar __ 
working conditions. Observing that the loss varied, in the cases 

taken as representative, from about ten per cent. at full stroke 
to one hundred and forty per cent. and more at eight or nine 8 
expansions—steam utilized being taken as unity—or, more accu- Pa 
rately, deducting the condensation due the performance of work, 


7 


and consequent conversion of heat energy, from nine to one 
hundred and twenty-five per cent. of the ideally required steam, wks ~k 
he at once saw that superheating, when employed to reduce this 
waste, must be the greater as the ratio of expansion is the larger. 

Mr. Dixwell also saw that the action was a cumulative one, as” 


had been shown by Hartnell still earlier,t and that the action a 
of the multiple-cylinder systems was peculiarly advantageous, me 


in view of the facts that a reduced initial condensation must 


occur in each cylinder, and that, placed in series, the wastes of __ 


the smaller cylinder are utilized to meet the demand for waste 
in the larger. 

Earty Practice seemed, at times, most encouraging, and as 
early as 1802 Trevithick was employing this system. 


* Dixwell ; Cylinder Condensation. Boston, Franklin Press, 1875. oe 
+ ‘‘On Compound Engines,” Hngineering, March 81,1871. = = 
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“That economy attends the use of superheated steam in en- 
gine cylinders has been shown at least since 1828, when Richard 


Cornwall. The engineer of the mine, Capt. Gregor, wishing to 
_ rival the record of a neighboring mine, where the cylinders had 
been cleaded in sawdust, built in his cylinders and steam pipes 

with brickwork, making a fire-grate underneath them, and flues 
around. The results were unexpected, and the duty of the en- 
_ gine was raised from forty-one to sixty-three million foot-pounds 
per bushel (eighty-four pounds) of coal. Trevithick tested the 
_ 70-inch cylinder engine, which, when five bushels of coal were 
burned in twenty-four hours under the cylinder, took sixty-seven 


cylinder, 108 bushels of coal was used under the boiler for the 
same work, showing a saving of one-third of the coal by super- 
. aa. heating. The steam pressure was forty-five pounds per square 
inch, and the strokes eight per minute. With the cylinder fires 
on, thirteen gallons of injection condensing water was used per 

ao stroke, and heated from 70 degrees to 104 degrees ; without the 
_ cylinder fires, fifteen and one-half gallons of condensing water 
- — was used per stroke, and heated from 70 degrees to 112 degrees. 


_ '‘Trevithick followed this up by inventing, in 1832, a tubular 
aon boiler, combined with a superheater between the boiler and the 
: ae ‘ engine cylinder; he also jacketed the cylinder with the waste 
hee gases from the furnace. An external series of vertical pipes 
connected top and bottom to a hollow ring, constitute the boiler ; 
_ the superheating pipes inside it are formed like inverted siphons, 
so as to avoid jointing at the lower end next the fire.” * 
_ Progress in the introduction of superheating began in France, 
- according to Raffard, about 1848, when, as he states, after the 
-memorable work of Combes on steam-jacketing, it came to be 
understood that initial condensation might be suppressed by 
the substitution of that method of its reduction for the steam 
jacket.t+ 
__-M. Kientzy, an inventor and engine-builder of the time, some 
time before 1849, experimented with various expedients for 
- reducing the expenditure of steam in his engines, which were 


—unprovided with steam jackets; but he found that long experi- 


* Patchell. 


+N. J. Raffard : ‘‘ Historique de |’Application de la Vapeur surchauffée,” 
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ence in Alsace had already shown that, as a rule, losses by leaky 
joints and destruction of packing, and often cutting of the 
rubbing parts of the engine cylinder, gave more than full com- 
pensation for all gains by superheating. The immediate cause 
of these difficulties was recognized as the direct action of the 
flames of the furnace and of its gases upon the superheating 
surfaces. M. Raffard, then employed by Kientzy, proposed 
indirect superheating by returning the steam through pipes 
enclosed in the steam-spaces of the boiler itself. No success 
was met with at the time, and the subject fell out of sight. 

The earliest patents were those of Becker, November 20, 1827, 
proposing a maximum temperature of 210 degrees C., using 
a tubular superheater, into which water was injected in minute 
quantities as required to produce superheated steam of the 
desired quality. Quillac, July 3, 1849, patented devices for 
producing the familiar method of superheating, claiming that 
every form of engine would gain by its use. Raffard’s patents 
for the now common method of drying the steam in the manner 
previously indicated by him was issued January 30,1851. Hirn 
patented, November 12, 1855, his “ hyper thermo-generator,” 
which was simply a cast-iron superheating apparatus, consisting 
of an assemblage of tubes placed in the flue, with an arrange- 
ment by means of which more or less of the current of flue gases 
could be taken through it to adjust the degree of superheating 
to the demands of the engine. By this date, superheating was 
recognized in all countries as a legitimate and promising method 
of securing economical use of steam in the steam engine, and 
inventors in all civilized lands were seeking to find practicable 
ways of availing themselves of its advantages without submitting 
to the disadvantages which common experience soon revealed as 
apparently universally arising. 

By the middle of the century, Hirn and his followers were 
making a moderate success of it, thanks to the advances in 

_ mechanical construction, which by that time had reached such 
& point as permitted them to make use of joints which were 
fitted perfectly and remained tight, the abutting surfaces being 
held firmly into metallic contact by a system of heavy bolts. 
This mechanical advance was the essential prerequisite of the 
improvement sought. French writers ascribe to Becker (1827) 
the invention, and to Hirn (1855) the real introduction of this 
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system of economical use of steam in the steam engine, 
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M. A. Mallet, the distinguished French authority, attributes 
the origin of this great improvement and attempts at its appli- 
cation at the earliest dates, to the inventors preceding 1830,* 
The real beginning of the subject is unknown; but the coil 
boilers of Perkins and others, and “sectional ” boilers of Gurney 
and of Hancock and other inventors of the steam carriage, 
included provisions for superheating and often of directly pro- 
ducing superheated steam by injecting water upon hot plates or 
into highly heated tubes, stroke by stroke as required by the 
engine, and dated some time earlier than 1830. Tredgold, the 
first of the recognized authoritative writers on the steam engine, 
issuing his first edition in 1827, is silent on this subject; but 
John Bourne, in: 1846, mentions superheating as a possible 
source of economy which is looked upon as difficult of applica- 
tion, and in his Recent Improvements in the Steam Engine, 1869, 
attributes the practical success of the system to an American 
inventor, Wethered, of whose work, in 1853-54, something is 
said elsewhere in this paper. Mallet claims that this method 
had been patented by Sorel in France a dozen years earlier, 
while he admits that the American inventor is entitled to the 
eredit of having actually reduced the invention to a successful 
practice. Brunel, in his diary, July 11, 1853, states the essen- 
tials of maximum economy in the steam engine to be ample 
power in the boilers, considerable expansion, high pressure, 
steam-jacketing with steam at a pressure at least ten pounds 
higher than that in the boilers, thus securing moderate super- 
heating by action of the jackets.t He adds that it is desirable 
that experiments be made to ascertain whether it would be 
worth while to employ superheated steam. This was actually 
done on the Great Eastern by James Watt & Co., 1857. 

John Bourne, who in his time was always in advance of the 
current contemporary practice, in his Recent /mprovements,{ 1869, 
says that the practice of superheating with marine engines had 
become very general, and that in this his prediction of 1844§ has 
been fully realized. He had, as early as 1834, investigated the 
subject and come to the conclusions now accepted by the 


-— * Bulletin de la Société des Ingénieurs Civils, May, 1892. 


Life of I, K. Brunel. london, 1870. 


_ t Recent Improvements in the Steam Engine. By John Bourne. London, 

Longmans, Green & Co., 1869. 
§ The Artisan Club Treatise on the Steam Engine. 1844. Catechism of the 
Steam Engine. 1848. John Bourne. London. = 
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majority of practitioners as to the economical effects of that 
process. He adds: “Where superheaters are employed, the 
same internal corrosion which was formerly experienced in 
the steam-space—when ‘steam-chimneys’ were used — reap- 
pears in the superheater ; though, as this is a removable vessel, 
and one from which the steam can at any time be shut off, the 
evil is not so serious as in the boiler itself.’ Describing the 
difficulties then met with in the burning of packing and of 
the lubricant, and the corrosion of superheaters and steam 
pipes, he adds: “ Upon the whole, superheating is now rather 
on the decline ; at all events, it is not now carried much beyond 
that point which suffices to dry the steam and to prevent the 
steam within the cylinder from suffering partial condensation.” 
Bourne’s superheaters were substantially like those of later 
practice, and were either made up of fagots of tubes placed in 
the uptake (as in the case of the Don Juan, 1837), or were 
similar to the “steam chimney” of American river-boat boilers 
of the times of the Stevenses and the beam-engine (1825-60), 
annular chambers surrounding the chimney flue from the point 
of issue from the boiler to that of union with the smoke-stack. 
In the river-boat engines of the United States, especially on the 
large rivers and sounds of the Atlantic coast, these steam 
chimneys were ten to twenty feet or more in height on the 
larger craft. In Bourne’s designs, however, there were cross- 
partitions, forming thin steam spaces, which increased the 
superheating surfaces. Boulton & Watt introduced the same 
plan on vessels built by them thirty years later. 

Bourne states (1869) that “ superheaters are sometimes formed 
of a congeries of cast-iron pipes set at the root of the chimney, 
and through which pipes steam is passed. Cast iron has this 
advantage over wrought iron: that from the protective influence 
of the carbon entering into its composition, it is less liable to 
corrosion; but such superheaters are heavier and more liable to 
accident than those made of wrought iron.” 

This authority prescribes an area of superheating surface of 
0.3 square foot per cubic foot of water evaporated per hour.* 
This would correspond, in modern and fairly economical engines, 
to 0.1 square foot per indicated horse- power. 

A locomotive supplied with superheated steam was experi- 


* Ibidem, p. 13. 
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2 
mented with by Mr. Henry Tyson, onthe Baltimore and Ohio 
Railway, about 1860, securing superheating surface by curving 
the upper tubes until they emerged from the water into the 
steam space within the boiler; the result was serious cutting of 
_ the cylinders. The Wethereds tried a superheater in the smoke 
box of a locomotive, but without gain, failing to secure super- 
heating 

Tue IpraL SUPERHEATED-STEAM ENGINE may be discussed pre- 
cisely as any other gas engine, and this discussion was first at- 
_ tempted by Rankine, in 1859.* The algebraic treatment is pre- 
cisely the same as with any gas engine of similar form of cycle, 

and it is only necessary to find sufficiently exact measures of p, 

v, and 7, and of y, for substitution in the well-known formulas 

for the expansion of gases, to make them applicable to this case. 

These values have already been found, and we have, from the 

figures already obtained, and by Rankine’s methods of compu- 
tation, 

pu = 42,140 T; H, = 842,873 foot-pounds ; 
HH=H, + &,(T - = 842,872 + 871(T— 7.); 


4 
3 


where H is the total heat of gasification, and, at the same time, 
the latent heat of vaporization of steam at 32 degrees Fahr. The 
latter is equivalent to the expression 


H = 659,895 + 8717’ = 659,895 — 43 pu ; nearly.t+ 


Adopting the familar equations for work performed in the _ 
heat engines, and calling y = 1.3, the expression for work with 


an initial pressure p,, and volume »,, becomes a 


y-1l y-l 
= pv, (433 — 3.337%) — p,rv, ; 


in which r is the ratio of expansion adopted, and p, the back 
pressure. 

The tests of the gaseous condition, with steam and other 
vapors, are uniform increase in temperature with steady acces- 
sion of heat, and-uniform increase of volume with steady rise of 
temperature, these being the characteristics of the gas. Sir C. 
W.. Siemens observed rapid increase in volume from 212 degrees 


Steam Engine, 480-440. ¢ The value of J is taken by Rankine 
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to 220 degrees Fahr., and much slower above the latter point, 
while from 230 degrees upward its behavior was that of a gas. 
From 212 degrees to 230 degrees its rate of expansion was five 
times that of air. Fairbairn and Tate found steam at 95 pounds 
pressure per square inch and 324 degrees temperature, super- 
heated to 331 degrees, to expand three times as rapidly as air, 
and for the next 25 degrees about 5 per cent. faster than air, 
and thence it behaved as a permanent gas. Regnault found 
steam in the saturated state to possess the properties of a gas at 
60 degrees Fahr. and below, and Rankine computes its prop- 
erties, assuming the gaseous condition at 32 degrees Fahr. It 
may thus be concluded that a superheat of 0 degrees at the 
freezing point of water, increasing to about 25 degrees at what 
are now customary high working pressures, may be taken as 
converting the vapor into a gas. 

The mean of Regnault’s experiments gave values of specific 
heats, as C, = 0.480; C, = 0.336; K, = 370 foot-pounds; = 
255 foot-pounds ; and thus the value of the index y is K,/ K, 


= 1.3; and according to Rankine, as seen later, a4 = 85.5. 


Rankine’s computation of the density of steam is thus made, 
assuming two volumes of hydrogen and one of oxygen to 


Accepting Regnault’s values for weights of the gases, 
Pounds. 
One cubic foot of 0.005592 
Half a cubic foot of 0.044628 


One cubic foot of ideal steam, Do... = 0.050220 


- Volume of one pound of steam at 32 degrees and} it~” 
atmosphere, 

1 


Vy = 


Dp = 19.913 cubic feet ; | 


= 19.918 x 2,116.4 = 42,141 foot-pounds.} 


For one atmosphere of pressure and 212 degrees : WHgrls 


v, = 1.365x = 27.18 cubic feet ; 
D, = 0.03679 pounds ; 


Pv: = 1.365 pov) = 57,522 foot-pounds. 
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Based upon such computations, Rankine has given tables of 
the properties of steam gas.* 

The volumes and densities of steam, tabulated by Rankine, are 
computed by a modified method. They agree well with the 
assumption of the following values of v, and p,x%, smaller than 
those deduced from chemical composition : se 


vi(ideal, for 32 degrees and one atmosphere) 19.699 cubic feet; 
D, = 9.05076 pounds ; 
Povo = 41,690 foot-pounds. 


If atmospheric steam were perfectly gaseous at 212 degrees, 
the following would be the results of the above formule : 


v, = 1.365 v, = 26.89 cubic feet ; 
D, = 0.03719 pounds; 
= = 1,365 = 56,907 foot-pounds. 


‘The actual density of steam exceeds that computed, and the 
excess is greater, the greater the pressure. 
The tables give, for one atmosphere and 212 degrees : 


= 26.36 cubic feet per pound ; 
D, = 0.03797 ; 
Pv; = 55,783 foot-pounds ; 


differing two per cent. from the results given in the formula (4). 

The experiments of M. Regnault were made on heat trans- 
ferred from boiler to condenser, sending from the former to the 
latter known weights of steam under different pressures; and 
the densities and volumes in these tables cannot err to an 
extent appreciable in practice, for steam obtained under similar 
conditions, which conditions are similar to those under which 
steam is obtained in steam engines. 

For steam under the pressure of one atmosphere, and at tem- 
peratures varying from 250 degrees to 380 degrees Fahr., Mr. Sie- 
mens’s experiments give, as the mean coefficient of expansion, 

= 0.00385, nearly ; 


the coefficient of expansion of a perfect gas being 0.0020276.+ 


o * Rankine’s Steam Engine, pp. 441-442. 
e ee + Proceedings of the Institution of Mechanical Engineers for June, 1852. 
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Computing the value of p,v, by the process already illustrated, 
the measure of work performed is obtainable by multiplying this 
value by the proper factor indicated and deducting the work of 
back pressure. The magnitude of back pressure may be taken 
as less than that of the engine employing saturated steam in 
proportion to the decrease of density, and this, in turn, as pro- 
portional to the increase in absolute temperature. 

Thus, take the case first discussed by the author quoted, 
assume the following data, units being pounds, feet, and absolute 
temperature Fahr. Pressures are therefore measured in pounds 
on the square foot, and volume in cubic feet per pound. Boiler 
pressure is 34 pounds on the square inch, 4,896 pounds on the 
square foot, and the temperature of saturation, 258 degrees Fahr., 
but the steam superheated, 428 degrees Fahr. 


Data: p, = 4,896; v, = 15.52; 7, = 889.2; r=5; p, = 498; 
= 77.6; = 75,976; pm + = 0.456; "Pm p, = 2.28. 


The mean effective pressure must be equal to the mean total, Pes 
ees the back pressure, 73. 


Din — Ps = = 1,740 pounds per square foot. 


The heat expended per mera of steam supplied is the difference 
between the total. heat supplied, 7,, and the total heat of the 
_ water, h,, taken into the system, per pound. 


Bs HT, — h, = 989,788 — 55,612 = 934,176 ft. lbs. fiat 
The efficiency of the thermodynamic operation is thus Nap a 


B= 134,968/934,176 = 0.145. 
(77, — hy) 
Had the steam been saturated, the same process of computa- 
tion would have shown the efficiency to be 0.128, and the gain by 
increased temperature due to superheating is seen to be nearly 
twenty per cent. of that quantity, as measured at the engine. It 
must be remembered, however, that it is; in such case, assumed 
that the heat supplied as superheat is obtained by utilizing 
otherwise wasted heat at the boiler by taking it up from the 
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flue gases. This increases the boiler efficiency also, and the 
total, some twenty-five to thirty per cent., as shown both by com- 
putation and by experiment with usual proportions of boilers, 
is to be credited to this process of improving efficiency. 

Unfortunately, however, as already elsewhere stated, the 
superheated-steam engine is not yet found a practicable type of 
heat engine. The efficiency of such an engine would be found 
to increase rapidly with increasing temperature, as the excess of 
temperature is acquired without corresponding increase in total 
heat supplied the fluid. The total heat of gasification at the 
maximum, temperature is constant, whatever the temperature and 
pressure of vaporization. The energy derivable increases very 
nearly as the absolute temperature, while the latent heat of 
expansion only increases correspondingly. Steam-gas may be 
worked in all the forms of cycle appropriate to the air and gas 
engines, and, thus operated, combines the high thermodynamic 
efficiency of that class of engines with the high machine eff- 
ciency of the steam engine. 

In the case just discussed, were the steam, at the given pres- 
sures and temperatures, worked in a Carnot cycle, the thermo- 
dynamic efficiency would be found to be 

889 — 609 iy 


ae 
Ef. = 5 0.315 ; 


vi 


5 an were the steam at the same pressure, but saturated, the 
efficiency would be only 


Mak 


the temperature of the back-pressure steam being, absolute, 
609 degrees Fahr., and that of saturation at boiler pressure 258 
degrees. The efficiency would, in this case, be doubled by 
superheating to the extent here assumed. Mr. Siemens has 
actually constructed and operated an engine, with regenerators 
substituting isodiabatic lines for those of adiabatic expansion, 
supplying heat at constant temperature, and. even on the very 
small scale of his experiments, brought down the consumption 
of fuel to about 1.5 pounds per hour per indicated horse-power. 

THE EconomicaL Errect oF SUPERHEATING is observed, when 
of small amount, in the securing of dry steam at the engine; if 
superheated more than five or ten degrees, with steam initially 


ree 
inter’? 
+, = 


satisfactorily dry, it takes effect in the reduction of “ cylinder 
condensation” by an amount proportional to the extent of 
superheating above the limit just indicated and until this initial 
condensation ceases. From this latter point, if superheating is 
still increased in amount, the condensation due the performance 
of work in adiabatic expansion becomes more and more re- 
duced, and, finally, the working substance remains in a dry, and 
perhaps superheated, condition throughout the forward stroke 
of the piston. Further superheating transforms the engine into 
a “superheated-steam engine ;” the working fluid is then a gas 
and the machine a gas engine. The latter result is rarely at- 
tained, even where it is sought, and is very seldom sought. 

The quantity of superheating required to dry the steam is 
that which supplies the amount of heat in excess of that re- 
quired for production of dry steam which would, so applied, 
evaporate the water carried out of the steam chamber of the 
boiler to the superheater with the mass. The quantity needed 
for this purpose is the “latent heat”’’ of the steam; that sup- 
plied in superheating is 0.48 B. T. U. per pound and per degree 
of steam superheated. Where cylinder or initial condensation 
is to be extinguished, the amount of superheating required, as 
& maximum, will be, per unit weight, 


where a is the fraction of the entering charge condensed by the 
cylinder walls, and 7 is the latent heat of the steam supplied. 
The amount of required superheat is, however, always less than hes 
this, and generally by a considerable proportion, in corisequence 
of the fact that the steam becomes less and less subject to this  __ 
method of waste as its quality is improved by superheating, 
until, worked as a gas, heat-iransfer to and from the cylinder | ee 
wall becomes a small fraction of the quantity originally thus 
lost. Saturated or wet steam condenses very freely; steam-gas 
transfers heat as reluctantly as other gases. ~ 

The effect of superheating, so far as employed in the steam 

engine, ordinarily, is the checking of heat waste by initial con-— 
densation ; that effect being secured largely, probably mainly, | 
by the change produced in the physical condition of the fluid, _ 
and by its transformation from the state of vapor to that of gas, 
with resultant diminution of its conductivity and heat-transfer- 
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ring power. It further gives a gain by improvement of the 
thermodynamic cycle, restricting, more completely than would 
be otherwise possible, departure from the Carnot or perfect- 
engine cycle, and making expansion more nearly adiabatic, 
The real limit of gain at the engine, in practice, is found where 
the gain by reduction of initial condensation reaches its eco- 
nomical maximum, and this has been found, as a rule, hitherto; 
with very moderate superheating. A more serious restriction 
of the process, in practice, has been often found to be the diffi- 
culty found in constructing superheating apparatus that shall 
be durable, safe, adjustable to the varying demands of the 
engine, and costing little for maintenance. At sea, also, further 
difficulty arises from the fact that superheaters are liable to 
become encrusted with salt and lime whenever it becomes neces- 
sary to employ sea-water in the boilers, even in small quantity. 
It is evident that, were the effect of superheating simply the 
reduction of cylinder condensation by the substitution of super- 
heat in the steam for the heat transferred to the cylinder wall, 
unit for unit, the known economical effect of the process would 
be entirely unaccounted for. ‘ A lower figure obtained for weight 
of steam demanded per horse-power and per hour would be 
compensated by the larger quantity of heat carried through 
the system by each unit weight of steam supplied. The 
quantity of steam demanded is steadily reduced, and the appar- 
ent, but misleading, percentage of gain as steadily increased, 
throughout the whole computed range ; but since each pound 
of steam carries with it into the cylinder an increased amount 
of heat from the boiler, the result is no gain, except where the 
added heat comes of utilization of a portion otherwise wasted at 
the chimney, and, in this case even, this economy could be better 
effected by extension of the boiler heating surface. The real 
fact is that the saving by superheating is always vastly greater 
than is assumed in such computations, and is produced mainly 
by the transformation of the working fluid at entrance into a 
form in which it yields little heat to the cylinder walls, and 
which has little effect, during expansion and exhaust, in chilling 
_ * those walls. This fact is distinctly shown by the reported results 
of all the earlier as well as recent experiments on a large scale. 
Superheating at the steam chest thus does not imply superheat- 
ing in the engine, where small quantities of heat are added to 
saturated steam. M. Dwelshauvers-Dery has found that, with 
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his experimental engine, 5 degrees C. (9 degrees Fahr.) of super- 
heat six inches from the valve did not give even dry steam in 
the jacket. Twenty degrees (836 degrees Fahr.) of superheat — 
- six inches from the port gave no superheating in the cylinder.* | 
Forty-nine degrees superheat (90 degrees Fahr.) in the steam 
chest gave one-eighth that superheat under the steam valve. | 
Hight degrees (14 degrees Fahr.) were lost between the supply | 
pipe and the jacket. Superheated steam and water were found — 
to exist together in the steam chest at times. When the steam — 
was gaseous, the metallic surfaces surrounding it were some- | 
times wet with the condensed fluid. Contrary to earlier im- 
pressions, it was found that jacketing and superheating may _ 
both work together for good. 
The economy resulting from the employment of superheating | 
in the operation of the modern steam engine is not due to the 
higher temperature of steam supplied the engine, increasing the 
range of available adiabatic or partially adiabatic expansion ; 
nor is it a consequence, simply, of the reduction of the propor- 
tion of steam supplied which is condensed by initial condensa- | 
tion on the cylinder wall. It comes of the fact that it is pos- 
sible to reduce that waste by the expenditure of but a fraction — 
of the amount of heat in superheating the charge that would, © 
otherwise, be expended through such condensation. The appli- 
cation of one thermal unit in superheating invariably saves sev- 
eral units of heat which, with saturated steam, would be stored | 
temporarily in the metal of the cylinder, to be later discharged 
without performing its share of work. It is thus the substitu. 
tion of one form of waste for another of, under otherwise sim- _ 
ilar conditions of operation, greater magnitude. The reason of © 
this difference is to be found in the fact that it requires less - 
heat to hold the metal up to the temperature of the steam — 
throughout the cycle than to restore that temperature once it — 
has been permitted to fall and to approximate to that of the 


“ REHEATING” between the cylinders of the multiple-expan- — 
sion engine was practised in England by Cowper a quarter of a 
century or more ago, and in the United States at about the same 
time by Leavitt and by Corliss. Receivers, or separators, intro- 
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duced into the connecting pipe between a pair of such cylin- 
ders, if they are properly designed and proportioned, permit 
the complete separation of all the water exhausted from the 
smaller of the pair, and a fagot of tubes supplied with high- 
pressure steam enables drying and slight superheating to be 
secured. In other cases, the receiver is placed in the flue 
between boiler and chimney, and thus becomes a superheater of 
the more common class. Both these dispositions of superheat- 
ing apparatus are now very commonly adopted. 

In the small quadruple-expansion engine built in the Sibley 
College shops for 500 pounds steam pressure, this latter ar- 
rangement is adopted, and the result, although the superheating 
is but moderate, contributes, presumably, effectively to the 
remarkable economy there reached—a consumption of less than 
ten pounds of steam, or 11,000 British thermal units, per indi- 
cated horse-power per hour.* 

THE Economic VALUE OF Heat applied to the prevention of 
waste by initial condensation through the preliminary warming . 
of the cylinder wall up to the: temperature, as nearly as may 
be, of the entering steam, is substantially the same, whether it 
be communicated by jacket, by superheat, or by compression ; 
but there is this difference between jacketing and superheat- 
ing: the former supplies heat—and wastes heat, necessarily— 
throughout the period of exhaust and of condensation, while 
the latter only gives up its heat in that portion of the cycle in 
which it is needed, and always supplies it precisely when and 
where required, to the full extent of the supply. The maximum 
efficiency of action of such heat, as supplied by the jacket, is 
thus inferior to the minimum effect of heat supplied by super- 
heating. (This difference marks the superiority of the latter, 
considered thermodynamically, and without reference to its 
peculiar difficulties of application and extra costs. The results 
of intelligent and satisfactory methods of superheating, and 
data exhibiting the relation between heat supplied in prevention 


* «« Reheating” was employed by John Bourne as early as 1859, in a marine 
compound engine, and was illustrated in several of his exhibits at the Interna- 
tional Exhibition of 1859. As he states, the ‘‘ superheater is introduced 
between the high and the low-pressure cylinders to replace the heat lost by 
radiation and by production of power in the high-pressure cylinder,” and 
‘‘ promises to be very serviceable in cases where a smal! consumption of fuel is 
an object of paramount importance.” —Recent Improvements, p. 15 (1869). 
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of wastes in the engine, and the saving effected, are difficult to 
find, and, in consequence of deficiency in reported data, usually 
impossible of analysis; but we have many figures for similar 
saving by means of heat supplied through jackets. We may 
thus easily obtain the minimum value of heat supplied the 
working steam in the shape of superheat. The following table 
gives the best figures that the writer has been able to find, and 
are presumably illustrative of the most effective employment of © 
heat, by this method, in the prevention of the waste sought to 
be reduced by superheating.* 


‘ p Rev. | Ratio of | Per cent. Heat , Per cent. | Ratio of 
Case. lbs.persq.in.| per Min. | Expansion. | Expended. of Gain. (Econ. Value. 


7tol 
5.5 


dO CO CO CO 


29 


Average Value, 7. 


SIMPLE CONDENSING ENGINES. 


60 10. 2.9 23.0 8. 

23d 110 60 6.4 3.2 20.0 6.3 
23¢ 88 | 59 12. 3.0 16.7 5.6 
t . | 11.3 8.1 17.7 6. 
5.9 1.5 14.3 9.5 

10. 3.8 23.7 6. 

5.7 3.5 21.5 6. 

12.4 4.8 30.3 6.3 

4.7 3.4 15.5 4.7 

4.3 4.9 16.6 3.6 

3.4 7.25 $7.4 | 4.5 

3.4 7.25 31.3 | 4.8 

1.75 2.4 16.3 6.6 


Average Value, 6. 


*'Theory of the Steam Jacket,” Transactions A. 8. M. E., vol, xv., Ju aie 
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56 
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| | 


Average Value, 3.4 


In the above table the first column gives the numbers in the 
series reported by the Steam-Jacket Committee of the B. I. 
M. E., from which this selection has been made of the best cases 
of economic application of heat to the amelioration of internal 
wastes. The second, third, and fourth columns give the boiler 
pressures, the speed of rotation of the engine, and the ratio of 
expansion adopted. The fifth column gives the percentage of 
the total steam supply measuring the cost of such saving as is 
given in the sixth column in percentage, also, of the total. The 
last column is the measure of the economic value of heat sup- 
plied in prevention of waste, as measured by the ratio of the 
quantity furnished for this purpose to the quantity saved by its 
use. It is thus seen that the application of one unit of heat to 
the warming of the cylinder wall in the prevention of wastes 
results in the saving of much more—of several times as much— 
heat by the suppression of initial condensation. 

Since, as above indicated, the best possible work of heat 
supplied by jacket represents less than the theoretical effect of 
superheating, the deduction follows with substantial accuracy 
that, with simple engines, the expenditure of one thermal unit 
in superheating may save from four to eight—the averages being 
above six and seven—and the percentage of gain thus may 
become from four to eight times the per cent. of heat taken 
into the superheater and delivered at the cylinder. With com- 
pound engines, the proportion becomes about one-half as great 
as with simple engines; the range of temperature, and the ratio 
of expansion in each cylinder, being ordinarily correspondingly 
less, and their wastes by initial condensation similarly less. We 
have little information relative to this point with triple-expan- 
sion engines; but the opportunity for gain with that class of 
machine is about one-third that with the simple engine working 
under similar conditions, and it may be taken as the fact with 

ise ee —. that the unit of heat expended in in the manner = 
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assumed above may give a return of not less than two units in 
net saving. The more economical the engine, the less the gain 
to be secured by these methods of reducing wastes. The final 
limit in saving is the magnitude of the waste to be reduced. 
Jacketing may save a large part of this waste ; superheating — 
may reduce it almost or quite entirely. 

Tur Quantity or Hat Requiren to retain initially dry steam 
in the vaporous state throughout the expansion period is readily 
computed by a process original with Rankine and applied by 
him to the case of a jacketed cylinder in which this result is 
effected by continuous drain of heat from the jacket. The same 
quantity being supplied as superheat in the entering steam, the 
same result follows. If the steam be supplied wet, the com- 
puted heat supply will suffice to cause it to leave the cylinder 
at the opening of the exhaust valve with its quality unchanged. 
It is, however, understood that initial condensation is, in these 
cases, entirely absent. 

The computation is effected by adding to the total heat of 
vaporization, from feed-water temperature and at the terminal 
pressure of the expansion line, the thermal equivalent of the 
work performed, as measured on the indicator diagram, between 
initial and terminal pressures. Thus, if 7, and 7, and p, and 
p,, are the initial and terminal absolute pressures and tempera- 
tures on the expansion line in these cases, and Z, the latent heat 
of vaporization at the lower of these limits, in foot pounds or 
other dynamic units, the total heat expenditure per unit weight 


in which T. is the temperature of the feed water and the inte- ° ‘a 
gral measures the work between the limits 7, and 7, or p, and a 


the 


where L = a — bT, and with J = 778, the constants, following 

Regnault, are a = 1,117,850, and b = 544.5. i 
Under the conditions of operation of the best classes of high- Geo of 

pressure multiple-cylinder engines, the quantity of steam em- __ y 4 
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ployed is from twelve to thirteen pounds per I. H. P. per 
hour, as a total, of which not far from ten per cent., usually, 
is applied to the jacket for the purpose here indicated. The 
best results thus far obtained are reported from engines in 
which the steam is finally exhausted from the low-pressure 


es ‘eylinder in a dry or slightly superheated condition. It may 


probably be fairly presumed that the same quantity of extra- 
neous heat supply during expansion should be furnished, with 
superheated steam, by the prime steam entering the high- 
pressure cylinder and the successive “ reheatings ’ between the 
cylinders—if the latter can be provided, as is always desirable— 
both on the score of minimum initial temperature of superheat- 
ing and of uniformity of distribution of the superheat through- 
out the whole range of expansive working of the steam.* 

Superheaied steam possesses, further, valuable properties 
which would permit, if it could be used, not only a considerable 
increase of the efficiency of the steam engine, but also a certain 
advantage in construction through the reduced dimensions of 
the condenser and steam pipes, and, especially, in the suppres- 
sion of that costly, cumbersome, and awkward element, the 
steam jacket. It would also reduce the necessary dimensicns of 
the boilers. 

M. Hirsch sends the writer a valuable list of references to 
French literature on this subject.t He agrees with the writer 
that the introduction of metallic packings and of mineral lubri- 
cants has radically altered the aspect of this question within the 
last few years. 

Walther-Meunier, discussing the methods of superheating 
customary in Alsace-Lorraine, observes that the boiler, as com- 
monly employed, is liable to sensible priming and furnishes wet 


*«* Now, we have seen the gain by superheating in the case of the Georgiana 
to be three-eighths of the effect of saturated steam from her boiler ; consequently 
we find that it is more economical to expend heat in superheating steam after it 
is generated than in generating its equivalent of saturated steam by (37.5 — 16.5) 
= 21 percent. It is therefore advantageous, by this amount, to provide a sepa- 
rate superheating apparatus, and superheat the steam in it by the direct expendi- 
ture of fuel in those-cases in which it is not allowable to place the superheater 
in the uptake on account of the height required—very objectionable in war 
steamers—taking care at the same time to employ a type and proportion of boiler 
that will give the maximum evaporation.”’—Isherwood. Experimental Researches, 
vol. ii. 
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steam, and that the use of superheaters is here more desirable 
than in other cases. He notes that superheating is especially 
advantageous where engines are either given large clearances or 
where large ratios of expansion are adopted in any one cylinder. 
Less weight of steam is required, in the former case, to fill the 
dead spaces, and a greater initial condensation occurs in the 


latter than in the average case. He might also add that it “33 
reaches and acts upon all pirts of the inner wall of the cylinder = 2 
which promote waste. 

“Tue Liwir in Suverueatine is, to-day, considered to be 
practically somewhere inside of the temperature 500 degrees es 
Fahr. (260 degrees C.), or within a range of not much above 100 
degrees Fahr. (56 degrees C.) above the now usual maximum ee 


temperature of saturation. If this amount of adheating can be 
secured, steadily and with certainty, no serious difficulties are 
anticipated ; but at higher points on the scale the burning-out 
of superheaters and the difficulties of cylinder lubrication are 
such as are likely to intimidate both engineer and owner. 

“ The desirable limit of superheating is determined, for the 
purposes now in view, by the amount of initial condensation to 
which the steam is liable if supplied in the saturated, or the 
wet, state. Assuming, for example, that each pound of wet 
steam entering the engine, bringing with it 1,200 thermal units 
from the fuel, is subject to loss of 20 per cent. of its latent heat 
by cylinder condensation, storing about 250 B. T. U. in the 
metal of the engine. Since the specific heat of gaseous steam is, 
according to Regnault, 0.4805, it is seen that the amount of 
superheating required in order that it may surrender this quan- 


tity of heat without condensation on admission must be ap- 
proximately 


< 


which is far beyond the practically advisable limit as fixed by 
experience to date. 

“ Fortunately, however, this is not necessary, and very much 
less adheating is amply sufficient to accomplish the purpose in 
view, and a small addition by superheating, as by jacketing, suf- 
fices to greatly reduce or even suppress initial condensation. 
All that is necessary, in this case, is to supply an excess suffi- 
cient to meet the demand due to interior wastes of a fluid of the 

34 
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- character of that actually at the moment te be worked in the 
S a engine cylinder. The drying and the superheating of the steam 
continually improve the working of the engine in two distinct 
ways : (1) giving a better working substance, and thus initially 
‘reducing interior wastes ; (2) at the same time meeting more com- 
ey aa _ pletely the demand for heat to bring up the temperature of the 
ae : metal to that of the prime steam before the entrance of the lat-— 
Bo ter into the cylinder; thus, each process conspiring with the 
ey other, the final effect is large economy with small expenditure. 
i 4 “Tt is found that in engines of moderate size—as 250 to 500 
as. H. P.—superheating 80 degrees Fahr. to 100 degrees Fahr. 
will sometimes check all sensible condensation. This indicates 


a ’ - waste to the extent of not more than about 


100 x 0.4805 


ee superheated steam is in such cases productive of cy linder ao 


a 


1,000 
or less than 5 per cent., initial condensation being entirely pre- 

i vented. Against this saving by the reduction of waste perhaps 
a. about 25 — 5 = 20 per cent., must be charged the cost of 

2 superheating. This, when the extra heat is obtained at the 

; oS chimney flue, will be only the financial charge for first cost and 
maintenance of superheaters, and by simple extension of heating 
2 surface, and will be only its proportion of the cost of steam 


4 


to give a gross gain of about 25 per cent. in steam by the eile 

iture of 5 per cent. additional fuel, or a net gain of 20 per cent.; 

_a not infrequently reported case.”* 

sch With sufficiently superheated steam, the jacket is not needed ; 
; ine it would add nothing to the efficiency of the engine ; with wet 
steam it might be possible that the loss from the jacket during 
the terminal portion of the expansion period, and throughout 
Fe the exhaust, might exceed the gain in the earlier part of the 


* Manual. In fact, it is probably usually the fact that the total of heating 
and superheating surface may be made substantially the same for engines using 
any grade of steam from wet to highly superheated ; the gain by superheating 


es _- reducing the required heating surface quite as much as superheating surface is 


: 
— 


active period of jacket action, and during the compression. 
With intermediate conditions, a maximum gain by the jacket 
action might be observed. This maximum may be expected to 
be found when the steam is at least fairly dry and the ratio of 
expansion considerable. 

Once the surfaces become dry, they can yield but little heat 
to the enclosed vapor, and the jacket can then promptly bring 
them up to approximate the temperature of the entering steam. 
This action is that desired of the jacket, in fact, and the more 
completely it is effected and the less the waste of heat in the 
process the better.* 

GAIN BY SUPERHEATING comes of the fact that less heat is re- 
quired to be expended in order to prevent initial condensation 
than that condensation wastes. Experiment shows that a com- 
paratively small expenditure in superheat gives a large reduction 
in heat waste by action of the cylinder wall. In Dixwell’s experi- 
ments, for example, a small engine being employed, in which ini- 
tial condensation caused large losses, steam entering the engine at 
550 degrees Fahr., the temperature retained at two-thirds stroke 
without cut-off was 500 degrees ; while cutting off at one-third, 
the temperature dropped to 274 degrees. Mr. Dixwell found 
the higher temperature perfectly safe, even at low ratios of ex- 
pansion, and considered the comparatively high absorbing and 
radiating power of the vapor of water an important element in 
producing its economic effects.t The gain obtained by the 
reduction of cylinder condensation, amounting to 69 per cent., 
was computed at 55 per cent., only about 20 per cent. of its 
true value being expended in its extinction; while the gain in 
power was at the same time 16 per cent. The fact that a tem- 


*«<In order to heat the steam to 600 degrees or 650 degrees,the temperature of 
the gases entering tte superheater should be about 1,000 degrees. With such a 
temperature the rate of transmission appeared to be about five units per square 
foot of external surface per one degree difference of mean temperature per hour, 


and the quantity of steam which could be passed through the superneater about 


80 pounds per square foot per hour. These figures disposed of all schemes for 
heating the steam by waste gases of low temperature. The superheater should 
be placed in a temperature of 1,000 degrees to 1,200 degrees. It should be 
coupled to the boiler and main steam pipe. It should be provided with a damper 
or by-pass fine, and there should be a thermometer near the engine to partly 
shut off the superheated steam by an electric current when the mercury rose to 
a given temperature, and made contact with a wire in the tube.” —Longridge. 


+ Hirn had already set this maximum safe temperature at 230 degrees C. — 
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perature of superneat, safe at high ratios of ‘ninilions might 


not be safe at low ratios, was very clearly exhibited.* 


“The extent, however, to which superheating is required -to 
check a known amount of cylinder condensation, as already 
seen, cannot as yet be computed ; but it will be something in- 


termediate between that giving heat-storage in the fluid equiva- 
lent to that observed in the metal and zero. The precise loca- 
tion of this minimum is presumably determined by the size and 
_ physical characteristics of the engine. Recorded data have 


led the writer to assume that less than one-half this maximum 


ee - will often suffice. It may be computed thus: 


= latent heat of the saturated steam ; 
m = fraction initially condensed ; 
= 0.48, its specific heat at constant pressure ; 
= range of superheating required ; 
a = coefficient measuring ratio of heat employed, to 
heat gained by suppression of wastes. 


“Tf a = 0.50, 


= ml, nearly. . 


= 90 pounds absolute ; 
l = 890 B. T. U.; 


— 0.95: a = 050: 
m=0.25;a=0.50; 


= ml = 0.25 x 890 = 223° Fahr., nearly. ae 


“Thus, roughly speaking, superheating about 10 degrees for 
each one per cent. initial condensation is considered sufficient. 
“A large engine, working with dry steam and at moderate 
speed, should not waste over 10 or 15 per cent. by this process ; 
in which case the superheating demanded would be computed — 
as about 


t= 0.15 x 890 = 184° Fahr., nearly, 


* ««On Cylinder Condensation,” Trans. Society of Arts, Boston, 1875. 
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“When the available range, ¢’, of superheating is given, the 
condensation may be, on the above assumptions, reduced by 
the quantity 


«Thus, when = 100° Fahr. and m = 0.25, 


= +1= 100 + 890 = 0.11, 


and the cylinder-condensation may be reduced to something 


like 
m — = 0.25 — 0.11 = 0.14; 
‘MALS 


or, in the case of the larger engine, completely with a surplus 
to extend the period of pre-condensation in the forward stroke, 
in the first case, and to 0.15 — 0.11 = 0.04 in the second. It 
is to be remembered, however, that even with complete sup- 
pression of condensation by superheating the steam, heat-waste 
still goes on, to some slight extent at least, by storage and 
transfer, as before.” * : 

The fact that decided improvement may be effected in the 
economical performance of the steam engine with a very moderate 
accession of heat, drying the steam and slightly superheating it, 
has been familiar to constructing engineers for many years, and 
the high steam chimneys of the steamboats of Robert L. Stevens 
and his successors on the rivers and sounds of the United States, 
the later general use with stationary engines of vertical boilers 
in which the upper portion of the tubes, passing through the 
steam space, effect this drying and often a moderate superheat- 
ing, the use of “re-heaters” with compound engines, and the 
jacketing of the heads of various classes of engines, are all 
illustrations of the influence of this experience upon the practice 
of successful builders. Such minor provisions for supplying 
dry steam and for reducing initial condensation account for 
much of the special efficiency of steam pumping engines like 
those at Louisville and at Milwaukee, of marine engines like 
those of the Avdson, and of mill engines, giving similar effi- 
ciencies, throughout the country. 

“Priming,” with impure water, is always liable to make 
trouble at the superheater, as does, also, the introduction of salt 
into the marine superheater in a similar manner. All the water 


* Manual Steam Engine, vol. i., p. 677. 
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brought over from the boiler brings with it its proportion of 
foreign matter, in suspension or in solution, and, in either case, 
all this solid material must be left behind when the steam, dried 
and superheated, passes on into the engine. The deposition of 
incrustation and sediment upon the surfaces exposed, necessarily, 
to high temperatures, and unprotected by the cooling influence 
of water or of saturated steam, gives rise to rapid corrosion, to 
“burning,” and to leaking joints, and often to early destruction 
of the superheater, with attendant risks to persons and property. ° 
Either such water must be absolutely avoided, or superheating 
must be given up, or the method of superheating must be that 
which transfers heat from steam and water of comparatively 
high temperature and pressure to the working steam at lower 
temperature and pressure. 

It is possible that some form of superheater may be devised 
which will withstand, uninjured, the highest temperatures of 
the furnace gases ; but this has not yet been done. 

THE MErTHops oF SUPERHEATING sought to be practised during 
the periods which have been distinguished by attempts in this 
direction are : 

(1) Direct superheating, consisting in the exposure of the 
steam pipes through which the fluid is conducted to the engine 
to the direct action of the hot furnace gases. 

(2) Indirect superheating, consisting in the expansion of 
steam from a higher pressure to that at which it is to be em- 
ployed, and usually, at the same time, jacketing it with 
steam of boiler pressure to prevent loss of heat, thus securing 
drying and slight superheating, where practicable, by a kind of 
wire-drawing.” 

(3) Superheating by mixture or adheating, where highly 
heated steam is introduced into the steam coming from the 
boiler in the saturated state, and en route to the engine, in such 
quantity as may be required to secure the desired amount of 
superheat in the latter. 

In greater detail, the methods superheating usually 
practised, and all of which have been known for many 
years and are‘still to a limited extent employed, are the fol- 
lowing : 

(1) SuPERHEATING BY ‘“ WIRE-DRAWING,” the steam being 
allowed to pass through an orifice or a pipe of such small sec- 
tion as to compel a considerable fall in pressure with free 


chew 
aly 
ra 
iat, 
» 
a 
— 
4 


_ SUPERHEATED STEAM. 
expansion. By this action all the heat of the steam of high 
pressure is retained in the mass at the lower pressure, and the 
surplus of the former over the latter at saturation takes effect 
jn superheating 1/K, = 1/0.48 = 2.08, about two degrees to 
each thermal unit difference of total heats. With steam ren- 
dered by the use of separators or otherwise initially dry at the 
throttle, this may, at times, prove a very valuable method of 
securing a moderate amount of superheat. At atmospheric 
pressure a variation of a pound by throttling will produce two 
degrees superheat; at one hundred pounds pressure it requires 
two and one-half pounds to superheat one degree ; throttling 
from one hundred and fifty pounds down to one hundred super- 
heats steam about twenty degrees. 

Where engines are governed or their power adjusted to their 
load by throttling, as with many stationary and all locomotive 
engines, the discrepancy of indicated work and steam and actual 
steam supply may be made comparatively small, and little 
superheating is needed to extinguish initial condensation. 
Large compression and restricted range of temperature along 
the expansion line, and even extensive drying, sometimes super- 
heating, by the throttling action of the regulator at low powers, 
make the necessity of provision of large superheating surfaces 
unnecessary in such cases.* On the other hand, the irregu- 
larity of load on the locomotive makes the adjustment of the 
superheating to the requirements of the engine with varying 
expansion especially difficult. 

(2) SUPERHEATERS IN THE FLUES constitute the most usual 
construction, and this has the double advantage of taking up 
heat otherwise lost at the chimney and of securing the desired 
effect upon the steam without alteration of boiler and setting. 
This method has been, as a rule, claimed to exhibit more advan- 
tages and fewer disadvantages than any other where any con- 
siderable amount of superheating is demanded. 

(3) SUPERHEATING BY SENDING THE FURNACE GASES THROUGH 
FLUES SET ABOVE. THE WATER LINE OF THE BoIzeRr has frequently 
been practised, and with some success at times, but it involves 
a special construction of boiler, and liability to serious expense 
in repair and in maintenance, in most cases. With very mod- 
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* Vide “Goss on Locomotive Tests, Conclusions,” 7ransactions A. 8. M. E., 
vol. xiv., August, 1898. 
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erate superheating, however, it is found sometimes, on the 
whole, a desirable system. 

(4) SUPERHEATING BY “ ADHEATING,” the system of Wethered, 
consists in the arrangement of a superheater in which a high 
degree of surcharge may be secured, and passing through it a 
poriion of the steam sent to the engine, combining with it the 
main charge in such proportion as may be found to give the 
best mean temperature for use in the cylinder. This “ com- 
bined steam ” process was employed on the Georgiana in the 
experimental investigation of Isherwood elsewhere referred to.* 

(5) SUPERHEATING BY STEAM JACKETS occurs to a slight extent 
at times, and with good effect if not accompanied by too large 
a flow of heat from the jackets to the condenser during the 
exhaust period. 

(6) SUPERHEATING BY A FLUE conducting furnace gases around 
the cylinder has been employed in some cases, especially with 
locomotives and portable engines, with some promise of success. 
This method was adopted by Mr. Siemens in his endeavor to 
operate a superheated steam-engine. 

Forms OF SUPERHEATER are somewhat varied. ‘The superheat- 
ing arrangement of the United States steamship Hutaw (built in 
1863) consisted of two groups of horizontal tubes, with the ends 
secured in tube plates. Each group contained one hundred and 
seventy-six iron tubes one and a quarter inches in diameter and 
twenty-one inches long between the tube plates. At one end 
the two groups communicated by means of a common chamber 
formed by an iron casting bolted to the tube plate, and at the 
other end each group has a separate connection formed by an 
iron casting provided with a nozzle and likewise bolted to the 
tube plate. This superheater was placed in the tube box of one 
of the wing furnaces of each boiler, from which the vertical 
water tubes had been removed with the exception of six rows at 
the back of the box, left for the purpose of reducing somewhat 
the temperature of the gases before they impinged on the super- 
heating tubes. The tubes of the superheater were placed across 


* «*Superheating may be applied to the intermediate pipes or receivers of 
compound, triple, or quadruple expansion engines. This may be conveniently 
effected by means of pipes traversing the steam pipes or receivers, and exposing 
heating surface, the heat being supplied by live steam of higher temperature. 
As in steam-jacketing, the operation is attended with greatest benefit w 
applied to the last cylinder in a series.”—Suteliffe. 
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the tube box, and the nozzles of the connections projected 
through openings in the side of the boiler. To the nozzle nearest 
the front of the boiler a pipe bringing the saturated steam to the 
superheater was bolted, and to the other nozzle another pipe 
was bolted carrying the superheated steam to the main steam 
pipe. These pipes were all controlled by stop valves, so that 
the superheater could be shut off when the fire was hauled from 
the furnace, and the engine could be supplied with saturated 
steam, or superheated steam, or a mixture of saturated and 
superheated steam. 

“Each of the two boilers contained five furnaces, and the two 
boilers contained in the aggregate 200 square feet of grate sur- 
face, 4,536 square feet of water-heating surface, and 1,058 square 
feet of superheating surface. 

“Using natural draught and burning 11.67 pounds of anthra- 
cite coal per square foot of grate per hour, the temperature of 
the steam was raised from 270.2 degrees Fahr. when saturated 
to 365.0 degrees Fahr. when superheated. 

“Using a fan blower, and burning twenty-seven pounds of 
anthracite coal per square foot of grate per hour, the tempera- 
ture of the steam was raised from 295.0 degrees Fahr. when 
saturated to 380.0 degrees Fahr. when superheated.” * 

The superheater of the United States steamship P/ymouth 
consists of a box extending along the front of the boiler and 
traversed by numerous vertical brass tubes, through which the 
products of combustion pass from the front connections to the 
uptake. At one end of the box the saturated steam is admitted 
from the boiler through suitable pipes and stop valves, and at 
the other end the superheated steam is carried off to the main 
steam pipe. 

The vertical tubular boiler, as illustrated in the work of Cor- 
liss and Manning, affords excellent facilities for drying and even 
for moderately superheating steam when it is desired so to do, 
either in supplying it to the steam engine or in conveying it 


long distances. Mr. Manning has carried steam thus several 


4 


thousand feet and delivered it at the engine dry.t 


Bourne describes various forms of superheater: 


“ But in most cases the steam is sent through a fagot of small 
tubes set in the smoke at the root of the chimney. 


~ wat 
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* Steam Boilers, Shock. ¢ Correspondence, 1895. 
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“ An example of this arrangement is given in Fig. 116, which __ 
a a representation of the superheater introduced by Messrs. R. _ 
_ Napier & Sons into the steamer Oleg, belonging to the Russian 
om Navigation Company. A is the boiler, and a the uptake © 


of the boiler ; d, position of inlet valve connecting boiler with 


superheater ; D and F, inlet and outlet chambers of superheater ; 
A. a E, tubes through which the steam passes ; g, double outlet stop- 


are wae chest, in which g connects superheater to steam pipe, and 
h connects boiler tos steam pipe direct. H is the 


ihe 


LONGITUDINAL SECTION. 
Fie. 116. 


_ smoke in ascending the chimney i impinges on the tubes trans- 
ips es mitting the steam, whereby the steam is heated to the required 
extent. 

“Tn Lamb and Summers’s superheating arrangement, a narrow 

rectangular pipe or chamber—which winds in a zigzag manner 

__ like the flue of a flue boiler—conducts the steam backwards and 

forwards amongst the smoke at the root of the chimney, until 
finally the steam debouches in the steam pipe. 

“This superheater is shown in Fig. 117, where A is the winding 

_ rectangular chamber; B the stop valve for admitting steam into 


| 
SUPERHEATING APPARAT Y R. NAPIER & SONS, 1860. ; 
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the sonia C, stop valve for letting steam pass from the 
boiler to the engines without passing through superheater ; D, 
stop valve for shutting off superheater; G is the chimney, / is 
a door for getting into it, and HH is a ring or cooming, over 
which the chimney passes, and the space between which and 
the chimney is filled with fire-clay to keep it tight.” 

A very usual arrangement of superheater as applied to 
marine boilers in recent years is seen in Fig. 118. The furnace 
gees issue from the tubes into the uptake, and, en route to 


the dintinesii pane through the nest of vertical tubes constitut- 
ing the superheater, supplying heat to the steam which is at 
the same time passing among those tubes on its way to the 
engines. On the steamer Alaska, in 1875, this arrangement gave 
rise to a fire by igniting the boiler covering at the angle between 
the uptake and the steam space of the boiler. The non-con- 


ducting covering, in such situations, should always be incom- 
bustible and indestructible by heat.* 


* All modern superheaters are made with a large number of tubes. These 
should expose sufficient surface for the reception of heat, so that not more than 
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EXPERIMENTAL INVESTIGATIONS.—“ The principal facts which 
must be experimentally ascertained before a sound and certain 
theory of steam engineering can be determined, as regards econ- 
omy of fuel, are the following, namely: 

“ First. The type of boiler, the proportions, and the rate of 
combustion which will, with a given kind and weight of fuel, 
generate the greatest weight of steam. Also, the weight of 
steam per unit of weight of fuel thus generated. 

“ Second. The most economical initial steam pressure to be car- 
ried in the cylinder. That is to say, the pressure found practi- 
cally to be the most economical of fuel, the determination of 


7 SUPERHEATER IN MARINE BOILER. 


118. 


which includes not only the greater theoretical dynamic effect 
of steam of greater pressure, but the deductions due to greater 
radiation, higher chimney temperature, and greater leakage 
both in the boiler and cylinder. 


1,000 heat units are transmitted per square foot per hour when the temperature 
of the superheated steam is 200 degrees below the mean temperature of the fur- 
nace gases. If this difference reaches 500 degrees, the heat transmitted may reach 
1,500 units, but this is not recommended, as the superheater may then suffer more 
severely from overheating, and unless additional heat is extracted by means of & 
feed heater, such a difference in temperature must involve a loss in economy. 
In calculating the amount of heat absorbed by a superheater, the specific heat of 
steam under constant pressure may be taken at .475. But if the steam should 
not be supplied to the superheaters in an absolutely dry condition, a correspond- 
ing amount of heat is absorbed in evaporating such moisture.—Sutcliffe. 
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__ « Third. The most economical measure of expansion with which 
to use the steam of the most economical initial cylinder pres- _ 
sure. Also, the weight of steam required, under these premises, he 
to be expended per hour for the production of one total and net 
indicated horse-power. Fe 

“ Fourth. The highest degree of superheating which canbe __ 
given to the steam of the most economical initial cylinder pres-_ 
sure and measure of expansion, and the best method of accom- 
plishing it, whether by waste heat in the chimney, or by heat 
‘specially expended for the purpose in a separate apparatus. 
Also, the weight of steam required, under these premises, to be — 
expended per hour for the production of one total indicated and — 
net horse-power. 

“ Fifth. The most economical back pressure against the piston, _ 
under the above premises. As the temperature of the feed 
water, the condensation in the cyclinder, and the power expended 
in removing the back pressure, are dependent on the quantity of — 
that pressure, its effect upon the economy of the fuel is evident. 

“ Sixth. The most economical at ‘a of cylinder port, in propor- ss ay: 
tion to capacity of cylinder and speed of piston, taken in con- 
- nection with cushioning, steam lead, and exhaust lead. 
“Seventh. The most economical speed of piston. 

“ Highth. The economy produced by steam-jacketing the cylin. __ 
der—top, bottom, and sides— both with saturated and super- oe 
heated steam.”* 

That the gain obtained is not thermodynamic but purely that 
due the checking effectively of a serious internal thermal waste, _ 
is well shown by computing the gains for a series of cases and vs i 
comparing the computed with the actual gains as reported in nies 3 
practice. 
Mr. Isherwood reports for the case of superheating ina small _ 


engine, 5j-inch cylinder, 10-inch stroke, at 60 revolutions a 

minute, the effect of adheating by the Wethered stem 


evidently too small to afford definite knowledge of the action of oe 
superheated steam on a large scale. The machine is enormously © 
wasteful at best. The following are the results reported as_ 
above : 


* Hxperimental Researches in Steam Engineering, Chief Engineer B. F. Ish- 
erwood, United States Navy, Philadelphia, 1865, 
+. Isherwood’s Researches. 
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Cut-oFrF 0.19. CuT-oFF 0.83. 


Pounds Pounds 
per hour | Propor- | | Propor- 


perL.H.P.| onal. p.| tional. 


Saturated steam, air in jacket .| 67.15653 ‘ 79.42902/ 1.000 
Adheated steam, air in jacket..... 66.50316 fens 
Saturated steam, steam in jacket......| 44.35160 
Steam adheated in coil .| 7.15161 55% 42.66123 | 0.537 
Steam adhexted in tubular adheater .. .| 40.86778 46.79664 | 0.589 
Steam adheated in steam pipe 39.97301 ’ 47.14889 | 0.594 


The last three had steam in the jacket. 


Experiments on the United States steamship Hutaw, upon a 
paddle engine of 58-inch cylinder and 8} feet stroke of need 
superheating steam to about 90 degrees Fahr. above the normal. 
The following are the results :* 


Economy DuE MODERATE SUPERHEATING. 


| 
| 
SATURATED STEAM. SUPERHEATED STEAM. 


0.24 0.32 
of expansions 3,339 | 2.679 
Consumption horse-pow- 


36.429 | 29.166 

39.205 | 31.039 
et 42,284 | 33.068 

Comp: irative size of cylinders 

for equal net horse- 

power 1.632 | 1,358 


The effect of using different ratios of expansion appears to be | 
substantially the same for superheated as for saturated steam. 


The Schwoerer System of Superheating, as applied in the 


establishment of Mess. Koechlin & Cie., at Massevaux, was re- 


ported upon March 16, 1892, by M. Ludwig, engineer of the 
Alsatian Association.+t Three boilers were used with the super- 
heaters, and four without; the fourth being found to be needed 
to keep up steam. Steam pressure was carried at about five atmos- pr. a 
pheres. The feed water was raised from just above the freez- Bree 
ing point to 105 degrees or 110 degrees C. (220 degrees to 230 ate 
grees Fahr.) by a Green economizer. A full day was given to 
each trial. The engine was a 300 horse-power Corliss machine, 
es sixty revolutions per minute. The degree of super- 


ot 
| | | | 
: 0.50 | 0.58 | 0.29 | 0.82 | 0.50 | 0.58 
1,855 | 1.632 | 2.894, 2.679} 1.855) 1.682 
| 
| 
Ex. 1.635 | 30.540 | 28.574 26.636 | 25.019 | 26.038 me 
3.236 | 32.008 30.586 28.346 | 26.285 | 27.764 
a 4.924 | 33.549 | 32.791 30.199 | 27.620 29.101 
1.055 | 1.000 1.498, 1.858) 1.055| 1.00 
f 


heat at the boiler was 95 degrees C. (171 degrees Fahr.); at — 
the cylinder it was but 55 degrees C. (99 degrees Fahr.). 
The gain by superheating was reported as 17.4 per cent in 
steam demanded, and 20.7 per cent. in fuel burned per horse- 
power per hour. While employing superheated steam, the — 
jackets were in operation, but condensed little steam; while, — 
when working with saturated steam, they acted freely. Less 
than one per cent. of the steam supplied was thus disposed of in © 
the former case, and over twenty per cent. in the latter. The — 
vacuum was good in both trials and the expansion very uniform, — 
the cut-off being at about 0.15 throughout. 

M. Brun was permitted by the French Government to intro- | 
duce superheating in the steamer Mégére, using one boiler out 
of ten as a superheater—1864*—effecting the desired result by __ 
carrying higher pressure on these boilers and using this higher ~ 
pressure in the steam jackets of the engines. The results 
are reported as follows (mean effective pressures in centi-— 
meters of mercury, measuring the proportional power devel- _ 


oped) : a: 
Conditions of the Trial. se ' Boiler Pressures. M.E.P. in Engines. 
ed 
Jackets filled with boiler steam... .. 84.87 60.17 
Jackets filled with steam at high . es 
pressure (5 atmos.)........... 84.75 64.59 


| 
The economy due to the action of the jackets employed as _ 
usual was found to be about 0.09, and with the high-pressure _ 
steam 0.14, as measured by the quantity of fuel demanded at 
the boilers. 
Mr. Donkin, as he states, has also made experiments at —__ 
Bermondsey with superheated steam, on a single-cylinder ex- 
perimental engine, at a speed of 220 revolutions per minute, 
working condensing, and with fifty pounds pressure. When © 


increasing with the number of expansions. The temperature — 
of the cylinder walls was found to be considerably greater with — 
superheated than with saturated steam, and this, he concludes, 


* Revue Maritime et Coloniale, May, 1892. 
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ae, is doubtless the chief reason for the important economy ob- 
tained. 

The experience of the ‘incon Co., according to Mr. 
Rites,* indicates that with engines of the class and sizes usual 
in their business, decided gain is secured by moderate super- 
heating. The gain is proportionally greatest up to the point at 
which the steam can be made to enter the engine perfectly dry 
or slightly above the temperature of saturation; while with in- 
creasing excess of temperature, g4in becomes greater in a rapidly 
decreasing proportion. Thus, a sixty-five horse-power compound 
engine, having cylinders ten and eighteen by ten inches, worked 
at 320 revolutions, under 100 pounds steam pressure, both con- 
densing and non-condensing, gave the following figures on 
test: 


Tests OF COMPOUND SINGLE-ACTING ENGINE, _ 


“Wat 
Temperature ..... 390 398 
100 100 
Arrangement..... Non-Con. Con. 
56.1 55.5 
‘Feed perI. H. P... 21.95 17.47 


Thus a superheat of fifty to sixty degrees gave a gain of about 
fifteen per cent. 

Experiments on superheating, made by Messrs. Ludwig and 
Weber, reported to the Societe Industrielle de Mulhouse, are 
recorded in the bulletin of that association of date of 1894. 
They occupied six weeks, and were very carefully conducted. 
Unfortunately, they were not good illustrations of the best work 
obtainable by the use of superheaters, and have therefore 
comparatively little value for present purposes. The super- 
heating was from 40 to 50 degrees C. (72 to 90 degrees Fahr.). 
It was observed, as one interesting incident, that the cool- 
ing off of engines and boilers, each Sunday, so affected their 
action that it was only after many hours of steady opera- 
tion that a permanent régime was attained. In fact, the 
observations were not resumed by the investigators until Tues- 
day noon. 

In this case, the boilers were less efficient by about three per 
cent., when the superheaters were in use, than when supplying 
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saturated steam. The weight of steam demanded was decreased 
by 10.45 per cent. when superheated ; but, taking account of the 
heat stored in unit weight, the thermal gain becomes a net 7.5 
per cent. The loss at the boiler, in this rather remarkable case, 
reduces the figure still further, to 4.5 per cent. The reporters 
question whether, on the whole, this small saving by superheat- 
ing will prove sufficient to justify the adoption of the system, 
with its attendant disadvantages; yet they consider that, 
ordinarily and in the average case, experience has indicated 
that the employment of superheating is justifiable, and that the 
engine using the system is, on the whole, preferable to that 
employing saturated or wet steam. They do not think that 
the use of superheated steam precludes the employment of the 
jacket. 

“Various trials have been carried out under the skilful direc- 
tion of Mr. Walther Meunier, the engineer-in-chief of the Alsa- 
tian Association of Steam Users. The following is a short 
summary of some of these results: ee 


ALSATIAN INVESTIGATIONS (UNWIN), 
I. II. III. IV. 


Compound, and 
a Corliss with 
one cylinder | 
working on the 
same shaft. 


Horizontal, with 


. and 
steam jackets. 


With or without super- With- h- ith- 
ith- with. | With- | wien. | | witn, | With 
No. of boilers in use. 2 3 3 
Mean indicated H. P.. Sil 276 278 564 554 809 810 119 116 

Steam per I, H. P. hour 
17.1 | 19.8 | 17.44) 21.87 15.74) 19.06) 19.2 | 21.6 


Coal per I. H. P. hour 
(inel. lighting), lbs. . 


7 
2.37) 3.16) 3.01; 3.78 2.38) 2.93) 2.64 38.45 
tee due to super- 


heating : 


“This shows an economy of 11 to 20 per cent. of steam, and 
20 to 25 per cent. of coal, due to superheating. In these tests 
Green’s economizers were used also. 

“These results are sufficient to show that an important econ- 
omy may be realized by using superheated steam. There are 


4 
an 


| 


“af 


ren 


4 
fe 
ry 
> 
| 
ov, 
| 
“4, 
re 
J 


not many engines working with less than 2.7 pounds of coal per 
effective horse-power hour. Hence the consumption, allowing a 
little for lighting-up, etc., must amount to 400 tons annually for 
an engine working at 100 effective horse-power for 3,000 hours 
in the year. A saving of one-fifth of this, or 80 tons of coal 
annually, represents a considerable saving in money. With 
inferior engines or unjacketed engines it may be expected 
that that economy will be greater than with very good 
engines. Where the engine is at a distance from the boilers, 
in the case, for instance, of boilers above ground supply- 
ing steam to steam pumping engines in underground workings, 
the saving may be much greater than in the cases described 
above.” 


Total indicated H. P 

Boiler pressure, lbs. per 
sq. inch 

Amount of superheating. . 

Lbs. of steam per Ib. of 
coal 

Lbs. of steam per indi- 
cated H. P. hour 


Pere’t of economy of steam| 


Tria II. 


I. 


Triat III, 


III. 


Without 
superheating. 
Six hours. 


With 
superheating. 
Five hours, 


475.0 


95.72 
None. 


491.0 


99.05 
118.3° 


6.024 
15.63 

2.593 
20.9 


With 


superheating. 


Six hours. 


With 
superheating. 
Five hours. 


501.4 


93.74 
119.2° 


6.655 
17.06 

2.564 
13.6 


502.3 


94.0 
126.9° 


6.21 
15.61 

2.518 
20.9 


due to superheating ... 
Percent of economy of coal 
due to superheating..... 


17.6 18.5 20.1 


cee 


“ According to my results, therefore, there is a mean economy 
of 18} per cent. of steam, and of 18} per cent. of coal, when steam 
is superheated at the moment of entering the valve chest about 
120 degrees above the saturation temperature.”* 

Prof. J. A. Ewing experimentally determined the efficiency of 
a Laval steam turbine, employing steam superheated about 60 
degrees Fahr., and 100 pounds per square inch pressure, by 
gauge, with good results. The power developed was reported 
as 137 horse-power, and the steam consumed per effective horse- 


* Unwin’s Report, May 4, 1893. 
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: SUPERHEATED STEAM, 
power 21.2 pounds per hour. Still better results have been 
reported by the builders as obtained in Sweden by other able 
experimenters. It may be safely stated that, in all instances of 
the application of superheated steam in the operation of any 
and of all types of modern steam engine, increased economical 
effect has been obtained and usually a very considerable gain 
in reduction of internal wastes, and, consequently, in costs of 
power in heat, steam, and fuel employed. 

The economical advantages of superheated steam in small 
motors have been exhibited by tests of a Serpollet motor con- 
ducted by M. Seguin. The motor had a single horizontal cylin- 
der, 5.1 inches in diameter by 5.1 inches stroke. The cut-off 
was fixed at 66 per cent.; the admission pressure was 58 pounds 
per square inch, and the revolutions 284 per minute. The 
brake horse-power on a four hours’ trial averaged 4.5/ horse- 
power, and the steam consumption was but 29.87 pounds per 
brake horse-power per hour. At the Plymouth trials of the 
Royal Agricultural Society the best engine, a compound, 
required 35.75 pounds, while the best of the single-cylinder 
engines demanded 57.75 pounds of steam per indicated horse- 
power. The advantage shown by the Serpollet motor must be 
credited to a boiler which supplies superheated steam. It con- 
sists of a stout coiled tube flattened so as to reduce the passage 
to a narrow slit. This tube has one end connected with a feed 
pump, and the other with the engine to be driven. The boiler 
had a heating surface of 26.8 square feet, and a grate area of 
2.9 square feet. The steam had a temperature of 1,009 degrees 
Fahr. on issuing from the coil, and of 572 degrees Fahr. at the 
steam chest. The temperature of saturated steam at 58 pounds 
pressure is about 306 degrees Fahr. ; as used, the steam was super- 
heated by some 266 degrees Fahr. The output of steam was 4.9 
pounds per square foot of heating surface per hour. The fuel was 
briquettes having a heating value, as tested in a calorimeter, of 
8.28 pounds of water evaporated from and at 212 degrees Fahr. 
per pound of fuel. The boiler efficiency was 67.3 per cent. 

The apparatus of M. Satre consists simply of a set of super- 
heating tubes placed back of the furnace, or constituting a 
bridge wall, through which the steam, en route to the engine, 
passes. In the latter case, it is made in the form of a cast-iron 
chamber set on the top of the brick wall, and is given sufficient 
area to secure the desired amount of superheat without, at the 
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— SUPERHEATED STEAM. 


same time, involving risk of excessively high temperature. The 
apparatus is as simple as possible and very inexpensive. The 
use of cast iron, however, would probably not be recommended 
with high steam pressures. The following are the data and the 
results of trial of such a system, as reported by M. Hirsch 
for a-small stationary “ plant.” * 
DIMENSIONS. 


Heating surface 72.00 m. (774.72 sq. ft.) 
Diameter of small cylinder 8.4 m. (18.4 in.) 
Large cylinder 6 m. (238.6 in.) 
Length of stroke of piston - 6m. (23.6 in.) 


RESULTS OF TRIALS. 


With Superheater. 


Length of trial 3 hours. 8 hours. 
Steam pressure 6 k. (90 lbs.) 6 k. (90 lbs.) 
Temperature of saturated steam : 164 © C. ( ) {164° C.( ) 
Temperature in the steam chest of engine..; 283 ° C. ( ) 164° C.( ) 
Loss of pressure betwe@h boiler and engine.) 0.1 k. (1.51bs.) | 0.5 k, (7 Ibs.) 
Cut-off in small cylinder 13 O11 ° 

Mean pressure in small cylinder 
Mean pressure in large cylinder............ 1.406 k.( ) 
Mean pressure referred to large cylinder... . 
Indicated horse-power, small cylinder . 29.2 ( ) 
Indicated horse-power, large cylinder t 18.2 ( ) 
Total indicated horse-power : 47.4 ( ) 
Total weight of feed water : 1200 k. ( ) 
Feed water per [.H.P. per hour ; 83 k. 8.44k, ( ) 


Gain by use of superheater 


Lubrication was effected by the introduction of a good min- 
eral oil into the steam chest of the small cylinder only, and was 
perfectly satisfactory. The gain of 19 per cent. net is most 
satisfactory also, and the reduction of the loss of pressure 
between boiler and engine, due to the lesser density of the 
superheated steam, is one element of advantage not to be over- 
looked in those cases in which the sizes of steam pipe are 
insufficient. 

In another instance reported in the same document by M. 


* Bulletin de la Société @ Encouragement pour I’ Industrie Nationale, February, 
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Hirsch, in which a semi-portable engine was employed, the 
power developed was greater by about 50 per cent. with super- 
heat than without, and the gain in economy of fuel amounted 
to 36.5 per cent.; the superheating being about 70 degrees 
C. (126 degrees Fahr.). The reported consumption of fuel was 
12.67 kilos, as against 20 kilos (27.9 pounds and 44 pounds) 
before the superheater was introduced, and that of fuel 1.95 
kilos (4 pounds) in place of 3.05 kilos (6.6 pounds). 

M. Hirsch concludes from these experiments that, with 
superheating, both power and economy may be improved, and 
to a very important extent; that sizes of steam pipes and of 
steam ports may be reduced, and that the condenser and air 
pump may also be lessened in size and cost. 

M. Hirsch reports to the Sociéié d’Encouragement, in 
behalf of the Committee on the Mechanic Arts, on the trials of 

superheater devised by MM. Dusert and Epéche, which were 
eonducted by M. Roche, Ingénieur des Constructions Na- 
vales.* 

In this apparatus, the superheater consists of an extension of 
the steam pipe into and through the furnace of the boiler, dis- 
charging its steam into the steam-engine cylinder at a tempera- 
ture exceeding that of the saturated steam about 70 degrees 
C. (126 degrees Fahr.). With an increased power from 16.04 to 
25.24 D. H. P., the consumption of steam was reduced from 20.00 
to 12.67 kilos per horse-power per hour, and the fuel from 3.05 
to 1.95 kilos; the gain being 36.8 and 36.5 per cent. for the two 
cases, respectively. Boiler pressure was carried at six atmos- 
pheres. M. Hirsch concludes that steam jackets may be dis- 
pensed with when superheating is thus employed, and that the 
dimensions of steam pipes, of valves and ports, and of the 
whole condensing and air pump system, may be reduced consid- 
erably. In this case, mineral oils were used, and no trouble 
was experienced in lubrication.t+ 

The effect of the superheater as a simple addition to the heat- 


* Bulletin de la Société, February, 1894. 

+ ‘‘The use of well-designed superbeaters is attended with saving in all 
cases, and may be adopted in the fullest confidence that the troubles of twenty — 
or thirty years ago will be easily avoided. The greatest percentage of saving is, 
however, usually secured in cases where the engine or its appointments are most 
defective, where the weight of steam consumed is greatest,and especially where 
a high rate of expansion is adopted without adequate provision against cylinder — 
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ing surface of a boiler is well exhibited in the following set of 
balance sheets reported by Mr. Crossland, Chief Engineer of the 
Manchester Boiler Insurance and Steam Power Co. in 1893, 
The whole added area was in this case required to secure dry 
steam, and the superheating effect was too slight to have much 
value as such at the engine. The illustration has value in this 
connection merely as showing the manner and the extent to 
which boiler efficiency may be improved by such extension of 
heating surface. 


PARTICULARS OF BOILER AND SUPERHEATER. 


Gases pass along internal flues and envelop superheating pipes and boxes 


at back of boiler, afterwards passing along ae flue, thence along side 


Heating surface of boiler 
Heating surface of superheater 
Total heating surface 


Fire-Grates : 
‘ j . long by 
Dimensions of fire-grates 8 ft. wide. 
otal fire-grate area 

Number of bars in each fire grate 20 
_ Area of opening below grates 

my Ratio of heating surface to grate surface (boiler only) 29.86 to 1 
; Ratio of heating surface to grate surface (boiler and superheater) 45.33 to 1 


Method of Firing: yi. 


Mechanical stoker with coking pit at end fire bars, 


* 


BALANCE SHEET OF BOILER AND SUPERHEATER. Heat PER Pounp or Drv 
CoAL, AND ITS APPROPRIATION. TEMPERATURES FROM 82 DEGREES FAR. 
Dr. 

To calorific value of one pound of dry coal 12,688 
— * ‘heat contained in steam, coal, air, and vapor when entering 35 
eet “6 furnaces, per pound of coal 


536 SUPERHEATED STEAM. 
> 
Z 
Type of Boiler 
Laneashire, 7 feet 6 inches diameter by 28 feet long, two internal flues, each 
oe Bes. at 3 feet diameter, five Galloway tubes in each flue. Worked in conjunction 
A 
a 896 sq. ft. 
i 
oF 464 sq. ft. 
he 1,360 sq. ft. 
i 
. 


B.T.U. Percentage. 
By heat absorbed by water in boiler and superheater : 76.27 


‘* heat carried away in products of combustion ban 10:36 
** heat carried away in surplus air..... oe 5.57 
heat carried away in vapor in air. ...............4. 
_ heat carried away in steam supplied to stoker bars 
heat carried away in steam from water in coal.... 
heat lost by imperfect combustion 
heat lost by unburnt carbon in ashes 4.18 
heat lost in ashes drawn from furnaces............. so & 
‘“‘ residue, including loss by radiation and convection and 

270 2.12 

heat unaccounted for 


12,728 100.00 
BALANCE SHEET OF BOILER WITHOUT SUPERHEATER. 
Angus 2 1898. 


12 


DR. 
To calorific value of one pound of dry coal. 
‘* heat contained in steam, coal, air, and vapor when enter- 
ing furnace, per pound of coal........ 


12,875 


August 3. 


centage. 


By heat absorbed by water in boiler. 54. 7,276 | 56.51 
“ heat lost by unburnt carbon in ashes . 621 4.82 
** heat lost in ashes drawn from furnaces. . , 51 0.40 
“heat carried away in products of combus- 
tion, surplus air, vapor in air, steam from 
water and heat lost ‘by radiation 4,927) 38.27 
and convection 


A, | 100.00] 12,875 | 100.00 


In this case the addition of about 50 per cent. to the total 
heating surface of boiler by the introduction of the so-called 
superheater produced steam of a temperature exceeding that 
of saturation by four or five degrees, raised the boiler efficiency 
from 56.5 to 76.3, or 30 per cent., and insured dry steam at the 
engine, where previously the steam supplied had been wet and 
very wastefully produced. The evaporation, “from and at 212 

_ degrees,” was raised from 8.67 to 11.29 pounds of water per 
pound of combustible. 

Tests of this superheater, made by the chief engineer of the 
Messrs. Fox & Co. woolen mills, Wellington, G. B., are reported 
to have given results as follows, which measure, simply, the 
gain by the addition of heating surface, in this form, to a boiler 
previously working uneconomically: _ 
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SUPERHEATED STEAM. 


a 


2. Duration of ours 
3. Quality of fuel—Main Co., 


Neath, South Wales, through 
and througk coal. 
. Average temperature feed to boiler, 
deg. Fahr .. 
pressure, absolute, ‘Tbs. er 


Water evaporated per hour.. 

. Water evaporated per eq. ft. 

. Total coal used during test . 

per sq. ft. of grate 


Ibs. 


12. Ash ‘onl clinker, percent.......... 
18. Lbs. water per lb. coal under actual 
14. Lbs. water per lb. coal from and at 
212 degrees Fahr............. lus 
15. Lbs. water per lb. combust., actual 
16. Lbs. water per Ib. combust., from 
and at 212 degrees Fahr......... 
17. Steam surcharged leaving boiler 


stop valve, F 


No. 1. | No. 2. | No.3. No. 4. | No. 5. | No, 6, 
“ge | | “ae | Sse | | 
SER | SER) SEE | SES | SES | SEE 
7 7 7 
68.5| 78 81.2 76.7 | 74 69.6 
74 77.26 76.5 78.8 80 17 
39,542 |42,485.6 | 41,887 }46,712.46) 49,110 |46,428.4 
5,649 | 6,069.3 | 5,983.9 | 6,673.2 |7,015.7 | 6632.6 
144.8 | 155.6| 158.4 | 171.1 | 179.77] 170 
5,900 | 6,300} 4,685 | 5,356 | 5, 5,200 
21.6 | 23.77, 16.96| 19.6| 20.5]. 19.05 
764 | 488.0 55 508 | 524 
9.25} 12.12] 10.5 10.36} 9.25] 10.07 
6.7| 6.74] 9.087] 8.72] 8.7] 8.98 
7.87} 7.89} 10.54] 10.21] 10.29] 10.52 
7.38} 7.67} 10.1 9.73} 9.621 9.92 
8.67} 8.98| 11.7 11.39} 11.29] 11.¢8 
50.9] 52.51 48.4 


Average percentages 


in favor of super- 


heater. 


above thirty per cent. 


engine. 


results : 


mm. (27.5 


Py 


The added heating surface increases the work obtained from 
the old plant over ten per cent., and with a gain in economy of 
Thus, in cases in which the boiler is 
small for the power demanded, and hence uneconomical, the 
addition of superheating surface to dry and superheat the steam 
gives great advantage in gain both at the boiler and at the 
The former gain, however, may perhaps be sometimes 
better secured by the introduction of more boiler power. 
cases similar to the above are reported. 

A trial of a 1,500 horse-power triple-expansion engine, at 
Augsburg, employing superheated steam, was made in April, 
1895, by Prof. M. Schroeter, of Munich, with the following 


Many 


The engine consisted of one high-pressure cylinder of 700 
inches) diameter, one intermediate of 1,100 mm. (43.5 
inches), and two low-pressure cylinders of 1,150 mm. (45.5 
— diameter each, all having a stroke of piston of 1,600 
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mm. (63 inches). The speed of revolution was 60 per minute, 
and the speed of piston 3 m. (9.75 feet) per second (585 feet 
per minute). Steam was carried at six atmospheres (88 pounds) 
pressure, though intended by the designer to be carried up to 
eleven atmospheres (160 pounds). The valve gear was similar 
to the well-known Sulzer gear, consisting of four poppet valves 
on each cylinder, the cut-off being effected by a“ French cam ” 
arrangement controlled by a loaded centrifugal governor acting 
on the gear of the high-pressure cylinder, the others being 
adjusted by hand. The steam cylinders were jacketed with prime 
steam and covered by a good lagging. The engine weighs 
220,000 kilograms (210 tons), or 147 kilograms (323 pounds) 
per horse-power. 

The power actually developed during the trials varied be- 
tween 1,000 and 1,200 horse-power. The temperature of the 
steam at entrance into the engine ranged from 164 degrees C. 
(827 degrees Fahr.), when saturated, to 212 and 216 degrees 
C. (414 degrees to 421 degrees Fahr.) superheated ; the super- 


heat thus amounting to from 48 degrees to 52 degrees ©. (86 _ 


degrees to 93 degrees Fahr.). The temperature of the feed water 
ranged between 6.36 degrees and 6.91 degrees C. (43 degrees to 44 
degrees Fahr.); that of the hot well from 21 degrees to 22 degrees 


C. (69 degrees to 72 degrees Fahr.). The steam jackets absorbed fe * 
from 5 to 7 per cent. of the total steam supply when working with _ 
superheated steam, and from 9.2 to 12.4 per cent. when using __ 


saturated steam. The consumption of feed water and steam 


per indicated horse-power per hour amounted to 5.5 kilograms © 


(12.1 pounds) with superheated, and to 6.1 (13.4 pounds) with 
saturated steam. The boiler supplied steam at the rate of 14 


to 24 kilograms per square meter per hour. The net gain was | 
thus, practically, ten per cent. of the quantity of saturated 


steam required by the engine in normal working. 
The steam consumption per delivered, or brake, horse-power 


was 7.25 kilograms (16 pounds) with saturated, and 6.6 kilograms 


(14.5 pounds) with superheated steam. It is presumed that, 


could a full load be obtained for this engine, and full boiler : 


pressure thus utilized, with best adjustment of the ratio of ex- 
pansion, these figures might be improved eight or ten per cent.* 


pants * Z. des Ver. Deutscher Ingenieure, March 7, 1896. ie , 
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The engine was much underloaded and the steam pressure was | 
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too low for a triple-expansion engine ; both causes conspiring 
to reduce seriously its efficiency.* 
The Schmidt system consists of a flue boiler of comparatively 
small extent of heating surface, surmounted by a tubular super- 
heater.of large area. The temperature of the steam supplied to 
the engine was elevated to 700 degrees Fahr., and with excellent 
‘ results in economy of fuel.+ The boiler has 70 square feet of 
heating surface and 430 feet of superheating area. The engine 
has two single-acting cylinders of 9.85 inches diameter of piston 
and 15.75 inches stroke. Their general construction is very like 
that of the usual forms of gas engine. The fuel in the trial to 
be described:had an analysis indicating a heat-producing power 
of 14,589 B. T. U per pound. The following tables present the 
results of test, which are indicative of very large gain by super- 
heating, the figures for steam and fuel consumption being per- 
haps one-half those ordinarily obtainable with saturated or wet 
steam under otherwise similar conditions. 


* Compare M. Hirn, who thus reports the effects of the different methods of 
reducing the loss due the action of the sides of the cylinders : 


Simple engine, without steam jacket ......... ...-Loss, 33 per cent, 


(2) Compound engine, two cylinders, without jackets.. 26 | 
Same engine, with jackets.... .......... 
Simple engine, without steam jacket ............ 
Same engine, without steam jacket, but with bey 
3 steam superheated 86 degrees C............ 


M. Hirn thus reports the economy arising from the use of superheated steam 
as compared with saturated steam in the same engine : 


ture of 210 degrees C., an economy of 20 per cent. 

(5) An engine with one cylinder working with superheated steam at 
225 degrees C., an economy of 81 per cent. 

(6) The same engine with steam at 245 degrees C., an economy of 47 
per cent. 


(4) A compourd engine working with superheated steam at a tempera- re 


+ Zeitschrift des Internationalen Verbandes der Dampfkessel Uberwachungs 
Vereine, Nos. 16, 17, 1894, 
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PABLE 


Coal consumption, pounds 597.5 705.5 
Calorific value of coal................ 14,589 14,589 
Feed water evaporated, | eee pounds 5,436.5 5,466 
per hour. ...... 679.55 675.8 
Feed-water temperature before entering 
Feed-water temperature before entering 
Steam, mean pressure..... .. ........ pounds 128.29 127.25 
Evaporation of water per pound of coal. “ oo Re 7.76 
Equivalent evaporation, calculated for feed) 
water of 82 degrees Fahr. and steam of 212 Bia) by 
Mean temperature of steam for mean pres- 
Mean temperature before entering main 
degrees Fahr. 422.5 442.4 
Mean temperature before entering en- 
Temperature of fuel gases entering the chim- 
B.T.U. Percent. B.T.U. Percent. 
Heat utilized for generating steam .. ....... 9,356.4 64.14 | 7,972 54.65 © 
‘* superheating steam........ --| 1,440 9.87 | 1,260 8.64 
Total heat utilized for steam ............. 10,796 4 74.01 | | 9,282 63.29 
| 
TABLE II.—Moror. 
Work done.—Indicator tests : 
= Temperature of superheated steam....... degrees Fahr.| 687.2 694 
pressure, from diagrams................. pounds} (39.96) (41.10) 
Syme done.— Brake tests : 
Length of lever............ feet 8.798 8.83 
Revolutions per minute...... se 161.5 162.8 
Efficiency per cent (96. 22) (95 . 85) 
per indicated H. P. (17.22 (16.5) 
per brake H. P. per hour.. 17.90 17.220 
per indicated P. perhour. ‘ (1.89) (2.14) 
per brake H P. per hour.. 1.967 | 2.222 
Heat utilized by exhaust steam. ............... B. T. U. 186 | 188 
Resulting in a saving of coal of...... obeenases per cent. | 8.42 | 7.09 © 
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An engine and boiler of this class, constructed by Mr. J. E. 
Christoph, of Niesky, in Silesia, of somewhat larger dimensions, 
were subjected to a series of trials by Professor Lewicki, of 
Dresden, in order to determine the following points: (1) Steam 
consumption of the engine when fully loaded. (2) Frictional 
resistance of the unloaded engine. (3) Useful effect under dif- 
ferent conditions of work. The engine has two cylinders of 250 
mm. diameter and 400 mm. stroke. The heating surface of the 


lated as follows: 
Duration of trial...... 5 hr. 10 min. 
Steam pressure in boiler, effective.............. eee ee 8.81 atm. 
of feed water 17 deg. C, 
Temperature of feed water from feed-water heater..... 84.1 “ 
Pyrometer reading, bottcm of fore superheater........596.1 ‘ 
Pyrometer reading, bottom of after superheater....... 412.9 ‘ 
Steam temperature in after evaporator, below......... 296.2 ‘f 
Steam temperature in after evaporator, above.........287.8 ‘“ 
Steam temperature, engine admission.......... erent 345.7 “* 
Steam temperature, engine exhaust........... ee 143.3“ 
Steam temperature, feed-water heater...... 
Air temperature in engine-room .......... 
Revolutions of engine per 157.93 
41.47 
“Steam consumption per I. H. P. per howr...... 6.83 
+ Steam consumption per effective H. P. per hour....... ..... 7.98 


The friction of the unloaded engine, when running at 159.46 
revolutions per minute, represented 2.12 horse-power, and the 
difference in speed between the engine when light and when fully 
loaded was only 0.96 per cent. 

The effective power under different conditions of steam admis- 
sion and speed varied as follows : 


| 
Stace, | | | 
158.55 | 26.95 21.99 81.3 
157.55 38.65 82.66 84.5 
157.98 48.48 41.47 85.5 


boiler was 5.8 square metres. The principal results are tabu- 
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_ An ordinary non-condensing steam engine would probably 
require for the same work 16.38 kilograms of steam and 2.10 
kilograms of coal per horse-power hour effective, so that the 
saving by high superheating is 351.76 kilograms of water and 
41.47 kilograms of coal on the power developed, or about 52 
per cent.* 

GENERAL OPINION, based on experiments on the expansion of 
steam and on superheating, may be discovered in the following 
summary. According to Isherwood, 

“1. The cost of the total indicated horse-power does not 
appear to be affected by speed of piston, per se, other things 
being equal. 

“2. The cost of the total indicated horse-power appears to be 
‘less with larger than with smaller cylinders, other things equal, 
but not in any important degree after cylinders of medium size 
are reached. 

“3. The cost of the total indicated horse-power appears to be 
less by the use of a greater average pressure upon the piston, 
other things being equal. 

“4. The cost of the total indicated horse-power does not 
appear to be affected by type of valve gear, other things equal. 

“5. The cost of the total indicated horse- power appears to be 
less with higher back pressure against the piston, other things 
equal. 

“6. An analysis of a vast number of indicator diagrams from 
well-conditioned steam engines of many types and proportions, 
using steam with widely varying measures of expansion, and 
fitted with great diversity of valve gear, shows the mean total 
pressure to be almost exactly that which is due to the Mariotte 
law, namely, the pressures are inversely as the spaces, including 
in the latter the contents of the clearance and steam passage. 
And this agreement is not affected by the steam being in the 
saturated or in the superheated condition and with any degree 


of superheating. In the case of saturated steam the expansion | 


curve falls at first a little too rapidly, and at the last not quite 
rapidly enough, while the reverse is the case with superheated 
steam. This, of course, is purely a coincidence, but it is a 


useful fact to know, and can be confidently depended on in fis 


computation. 


 * Phe Engineer, January 31, 1896. 
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“ By a well-conditioned engine is meant one with the joints, | 
piston, and valves tight. When the engines were worked with 
a wide throttle, the cylinder initial pressure averaged about 
two and one-half pounds per square inch less than the boiler 
pressure, and the steam admission line of the diagram was hori- 
zontal until near the point of cutting off, when it rounded down 
by a nearly quadrantal curve two and one-half pounds per 
square inch, at which the cut-off valve closed and the expansion 
curve commenced. When saturated steam is used, the pressure 
at the end of the stroke of the piston is a very little greater than 
is due to the Mariotte law, and when superheated steam is used 
it is a very little less. 

“7, One of the most remarkable results of the experiments 
on superheated steam, when used with different measures of 
expansion, is the fact that the economy due to these different 
measures of expansion is not affected by the superheating ; that 
is to say, if, when using saturated steam without expansion, and 
with a certain measure of expansion, the difference in the cost 
of the total indicated horse-power is found to be a certain per 
centum of the former, then, when using superheated steam sim- 
ilarly, without expansion, and with the same measure of expan- 
sion, the difference in the cost of the total indicated horse. power 
will be the same per centum of the former as in the case with 
the saturated steam. In other words, the difference in the cost 
of the total indicated horse-power with superheated steam used 
with different measures of expansion is, relatively, one with 
another, the same as in the case of saturated steam. This is, 
perhaps, the most difficult fact of all to explain. In rests on 
the purely experimental evidence, but may be depended on as 
true, whether a satisfactory reason can be found for it or not. 
The fact remains incontestable that superheating steam to a 
certain temperature increases its economic effect the same quan- 
tity over that of saturated steam, in the same category, whether 
it be used without expansion or with any measure of expansion 
whatever. 

“8. With the highest practicable amount of superheating, 
that is to say, ah amount which does not injure the metals of the 
superheating apparatus or cylinder, and under which the piston, 
valves, and packings will work conveniently, the number of 
pounds of steam required per hour for the production of the 
total indicated horse-power will be reduced one-third, leaving 
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the cost in fuel two-thirds of the cost with saturated steam. 
And this proportion holds with all measures of expansion, 
namely: Given a certain measure of expansion, and the weight 
of saturated steam consumed per hour with that measure per 
total indicated horse-power, then, with superheated steam, the 
same power with the same measure of expansion will be ob- 
tained with two-thirds of that weight of steam. 

“The highest practicable amount of superheating appears to 
be about 135 degrees Fahr. above the temperature due to the 
pressure as saturated steam. In the case of boilers consuming 
at the rate of about twelve pounds of anthracite per hour per 


square foot of grate surface, and delivering the products of 


combustion into the uptake with a temperature of about 700 


degrees Fahr., a superheating apparatus of copper tubes of = 


about one-tenth of an inch in thickness, placed in the uptake, 
should have about six square feet of surface, measured on the 
inner circumference of the tubes, per square foot of grate surface, 
to superheat the steam to the above-mentioned 135 degrees. 


“9, Using the steam without throttling, or with any amount __ 


of throttling, other things equal. does not appear to affect the 
cost of the total indicated horse-power.” * 
M. Henri Tresca, in 1868, who followed Hirn in the inves- 


tigation of the value of superheating, employing the apparatus | 


designed by M. Petitpierre, after a trying series of experi- 
ments, punctuated with accidents and failures, came to the 
conclusion, already reached by Hirn, that superheating may, 
under favorable conditions, produce considerable economy, but 
that it could only be safely practised to a very moderate extent 


with the apparatus in use at that time. Hirn wentfurther, and 
showed that the practicable limit, at least for his time, was that — 
at which initial condensation was nearly, but not quite, extin- _ 
guished. His engine at Logelbach, designed to meet this pre- — 


scription, became, and remained for many years, the main 


source of our knowledge in this field. The recent introduction — 


of high-test mineral oils, capable, in some cases, of withstand- 


ing 500 and 600 degrees Fahr. (260 to 316 C.), has done away — as 
with the difficulties formerly apparently insuperable in the 
introduction of highly heated steam into the working cylinder.+ _ 


* Experimental Researches in Steam Engineering, Isherwood. 
+ ‘‘The durability of superheaters is usually presumed to be necessarily much 


less than that of the heating surfaces of the boiler; it frequently happens that 
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Monsieur J. Hirsch, professor at the Conservatoire, and the 
Ingénieur en Chef des Ponts et Chaussées, in Paris, the distin- 
guished counsel of the French Government in such matters, 
informs the writer that, as the outcome of his own observations 
and experiments, he concludes that superheating is the main 
line of desirable advance with the steam engine. As he says: 

“In my view, the steam engine has attained, in our time, a 
degree of perfection that, in its present form, has given the 
utmost possible utilization of heat. To secure a better perform- 
ance, it is necessary to enter upon new paths. Among the 
numerous methods available, presenting some chance of success, 
one of the most simple and attractive ‘is superheating. This 
process promises, in theory, positive gain in efficiency; in 
practice, it introduces only the difficulties of securing tight joints 
and especially of effective lubrication. But, notwithstanding 
the progress effected in late years in the preparation, the selec- 
tion, and the use of lubricants, these difficulties remain serious, 
and this remains an obstacle, not only where it is proposed to 
superheat steam, but also wherever any working fluid is em- 
ployed at high temperatures. The difficulty of securing good 
lubrication. opposes every effort to obtain amelioration of the 
performance of thermic motors. This obstacle has not been 
surmounted, but rather has been evaded, and in a very incom- 
plete way, in the explosive engines. On success in overcoming 
this impediment depends the success of the heat engine of the 
future. Could this difficulty be overcome, the employment of 
superheating would come to be general.” 

M. Hirsch asserts the problem thus sought to be solved 
“un des plus important de ceux que souléve le fonctionnement 
des appareils 4 vapeur.” He considers the fact undoubted that, 
by means of this device, could it be made thoroughly practi- 
cable, the advantages now only obtainable by increase of steam 
pressure, and which have their origin, in fact, in the simultane- 


the difference is very great, and many superheaters have been removed after a 
few months’, or even, in some cases, a few weeks’ service. It is thought by many 
engineers, however, that it is not impossible to so construct and work them that 
they may last for many years.. The writer has examined many certificates of 
satisfactory operation of superheaters for considerable periods of time, with no 
apparent injury or perceivable wear. The Yorkshire Boiler Insurance Company of 
Great Britain has issued many such on superheaters employed by its customers.” 
—Reports of the Yorkshire Boiler Insurance and Steam Users’ Co., Ltd., 1893, 
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ous increase of temperature, could be readily and fully attained. 
But, as asserted by Hirn and by Tresca, at an earlier date, he 
finds it “a long way from the theory to the practice in this mat- 
ter.” Hirn had concluded that the limit in superheating is 
practically attained when cylinder condensation is substantially, 
but not absolutely, suppressed by it. At this point, as he states, 
large gains may be secured, without injury by destruction of 
lubricants, of packing, or of the engine cylinder, both in reduc- 
ing costs of fuel and costs of construction, suppressing the steam 
jacket as a needless encumbrance. The later introduction of 
high-test mineral oils and of metallic packing has removed many 
of the objections formerly existing to the employment of super- 
heating, and the subject is again attracting attention among engi- 
neers, and M. Hirsch anticipates its success{ul reintroduction. 
M. A. Mallet concludes, after a careful study of the results of 
experiment and general experience in marine engineering, that, 
during a period of a decade or more, superheating was applied 
at sea to several hundred thousands of horse-power of marine 
engines, and was, in fact, in common if not general use for that 
period of time, and then went almost completely out of use, in 
consequence of rapid deterioration of the apparatus and liability 
to serious accidents when carelessly or ignorantly handled, and 
when worn out and neglected.* These difficulties became too 
serious for successful use of the system as soon as, about 1860, 
steam pressures began to rise rapidly and to become such as to 


demand considerable strength of boiler and of superheater. 


With improved constructions, and especially with the introduc. _ 
tion of lubricants capable of sustaining uninjured the tempera- _ 
tures of high-pressure steam and superheating, a new period of | 
experimentation has been entered upon, and success of moderate 


amount has been attained, and especially in reheating between __ 


the cylinders of the multiple-cylinder engine. At the date of 
this report, Raffard was still working on the problem and en-— 
deavoring to secure satisfactory methods of employment of the 
system which, in 1827, Becker found himself unable toemploy _ 
because of the rudeness of the methods of mechanical con- 
struction of his time. | 


In some cases, it is supposed that distortion of the steam 


cylinder has been a consequence of the use of superheated ‘ 


* Bulletin de la Société des Ingénieurs Civils, May, 1892, 
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steam, and Mr. Louis Seymour has adopted the si of boring 
cylinders under steam pressure to secure a better and more sym- 
metrical distribution of stresses and final shape. 

Professor Ewing remarks, in his admirable treatise on the 
steam engine in the Encycl.pedia Britannica: © In former years 
superheating steam was a common feature of marine practice; 
but serious practical difficulties caused engineers to abandon its 
use and to seek economy rather by increasing initial pressure, 
and by using compound expansion. In those days, however, 
the theoretical advantage of superheating was less understood 
than now. The economy of fuel which its employment would 
probably secure is so great as to warrant a fresh and energetic 
attempt to overcome the mechanical difficulties of construction 
and lubrication which have hitherto stood in the way.” * 

Mr. Donkin states: “It is probably only a question of 
another ten or fifteen years before engineers generally will again 
be using slightly superheated or dry steam not only in land en- 
gines, but at sea and with locomotives. Modern ideas favor 
the change, and the economy which will be obtained by prevent- 
ing the large amount of condensation now going on in steam 
cylinders. 

“In Germany, France, and other countries, experiments are 
being made with superheated steam, with various kinds of en- 
gines and different apparatus. The writer has lately seen many 
different types of superheaters at work. These are sometimes 
placed in boiler flues, but in other factories they are fired sep- 
arately. A number of engines of considerable power are now 
regularly working with steam superheated from 50 degrees 
Fahr. to 100 degrees Fahr. above the temperature due to the 
working pressure. 

“In the writer’s opinion, the time has arrived to re-open this 
question of superheating. With modern conditions of lubrica- 
tion and better materials, further experiments should be under- 


* “« Superlieating has been adopted during recent years much more extensively 
on the Continent than in England, and very successful results have been 
achieved. The consumption of steam in an ordinary unjacketed compound 
engine of high class may generally be reduced by about 15 per cent. upon the 
adoption of superheating, and the coal consumption a little more or less, accord- 
ing to the conditions and to the type of superheater adopted. A saving twice 
as great is sometimes secured in the treatment of an engine which, from its 
small size or other reasons, consumes an exceptionally large amount of steam 
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taken. 
when we should be taking the lead.” * 

Mr. Shocks concludes : “‘ Superheaters, with their steam-pipe 
connections and stop valves, add largely to the weight and cost 
of boilers; and unless they are easily accessible for sweeping 
(which is frequently not the case), the efficiency of their heat- 
ing surface is soon impaired, and the draught of the boiler is 


At present we are not even following in this matter, 


often seriously affected by the accumulation of soot. The 
most serious troubles, however (which have brought super- 
heaters somewhat into disrepute), are due to the rapid corrosion 
of the iron of which superheaters are constructed, and to the 
leakage of their tubes. The rapid corrosion of superheating 
surfaces has been observed for a long time, even in the case 
where the degree of superheating was relatively small, as in 
steam drums traversed by flues, but its causes have not been 
definitely determined. 

“Practically considered, the value of superheaters depends, 
as far as the boilers are concerned, not only on the economic 
and potential evaporative efficiency of the latter, but on the ad- 
ditional bulk, weight, and cost of the superheating apparatus, 
on the labor and expense of keeping it in working order, and on 
its liability to derangement.” + 

“T have no doubt myself that superheating will be largely 
used again. The practical difficulties exist, but they are not 
insuperable. 

“No possible improvement of the steam-engine, of which we 
have any knowledge at this moment, offers anything like so 
great a chance of important economy as the reintroduction of 
superheating, and especially of superheating to at least 100 de- 
grees or more above the saturation temperature of the steam. 

“Lately Professor Schroter, of Munich, has been experiment- 
ing with a small special compound condensing engine of only 60 
indicated horse-power, running at the moderate piston speed of 
380 feet per minute, and with the not excessive boiler pressure 
of 165 pounds per square inch. The high-pressure cylinder is 
not jacketed. The low pressure is jacketed with receiver steam. 
In this case, in a tube superheater of a rather special construc- 
tion in the uptake of the boiler, the steam is superheated to 
670 degrees Fahr., or nearly 300 degrees above the saturation 


* Donkin on Superheating. . vane Steam Boilers, Shock, 
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temperature corresponding to the pressure. In two trials of 
six or eight hours’ duration, periods quite long enough for 
accurate determination of results with so accomplished an ob- 
server as Professor Schroter, the consumption of steam was only 
10.2 pounds per indicated horse-power hour, and the consump- 
tion of German coal of moderate quality only 1} pounds per in- 
dicated horse-power hour. The steam consumption is the low- 
est on record for any engine of any type or size, and it is very 
remarkable for so small an engine. 

“Tt is often argued that, as very little heat is required to 
superheat steam, it cannot produce much effect. The answer is 
that a small amount of heat rightly applied in preventing initial 
condensation produces a disproportionately large effect. That 
is consistent with the strictest principles of thermodynamics. 
In the Schmidt engine only eight per cent. of the heat was used 
in superheating the steam, and to this eight per cent. the re- 
markable economy is due. Ina steam jacket acting well, about 
twelve per cent. of the steam used is condensed, and to this 
twelve per cent. the advantage of the jacket, which often reduces 
the amount of steam used in the cylinder by twenty or thirty 
per cent., is due. But the heat from a jacket is much less effi- 
ciently applied than the heat taken direct to the interior of the 
cylinder by superheated steam and used primarily in maintain- 
ing the temperature of the admission surface. Further, the 
quantity of superheat brought into the cylinder in a given time 
increases with the speed of the engine, while jacket heat dimin- 
ishes in effect as the speed is greater. The action of the super- 
heated steam is shown clearly enough on the indicator dia- 
grams. In my own trials in Alsace the wetness of the steam at 
cut-off in the high-pressure cylinder with jacket, but without 
superheating, was thirty-five per cent.; with steam superheated 
100 degrees it was only fifteen per cent. In the trial with the 
Schmidt engine there was no moisture at cut-off in the -high- 
pressure cylinder, and the steam remained dry nearly to the 
end of the stroke.” * 

Summary.—Opinion seems substantially unanimous, and all 
testimony confirms the conclusion that superheat may effect 
large net economies. Collating the results of about fifty authen- 


we 


* Unwin on Experimental Study, Transactions B. 1. C. E., session 1894-95, 
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tic and well-conducted experiments, it is found that the gain in 
fuel, by the introduction of superheating, ranges from ten to 
fifty per cent. of the fuel used with wet steam; that about 100 
degrees superheat, on the Fahrenheit scale, gives usually com- 
plete extinction of initial condensation ; that even fifteen or 
twenty degrees will make an important gain in reduction of 
internal wastes ; that every application of this system, discreetly 
effected, returns several times—actually from two to ten times — 
its cost in heat expended ; that the largest returns are secured 
by the smallest quantities of superheat ; and that the indications 
are, so far as we can to-day judge from earlier and contemporary 
practice, good engineering in this direction pays, and pays well ; 
the limit being found at that point, continually becoming more 
remote and at a higher and higher temperature, at which excess 
of temperature begins to cause rapid destruction of the super- 
heating apparatus, and consequent expense and danger in such 
degree as to become a large and more than counterbalancing 
element. The average of fifty-two cases observed by the writer 
gives a gain of twenty-six per cent. with a superheat of 105 
degrees Fahr. The average gain with compound engines 
examined is twenty per cent., with a lower but uncertain amount 
of superheating, in a majority of the cases reported the super- 
heat not having been measured. In cases averaging about fifty 
degrees superheat, the gain was twenty per cent., and this is 
probably not far from the average for all. 

Taking an average case in which the quantity of heat brought 
over from the boiler is 1,100 B.T.U., and twenty-five per cent. con- 
densation occurs at entrance into the cylinder, the heat wasted, 
per pound, is 275 B.T.U. To supply this amount of heat, by 
superheating the steam, would demand an increase of tempera- 
ture of 570 degrees Fahr. The economy effected by the process 
of superheating is measured by the difference between this equiv- 
alent of the waste and the quantity of heat expended—wasted, ina 
certain sense—in its reduction. It is known that, in many 
cases, such wastes have been extinguished by superheating 100 
degrees Fahr.; leaving, as its only relic, that loss which occurs 
by that “ cylinder-cooling” which takes place with subsequent 
thermal changes in the cycle—possibly, as a maximum, ten per 
cent. The net gain is thus fifteen per cent. by expenditure of a 
gross twenty per cent. of the heat-equivalent of the original 
waste. Thus, one thermal unit, one pound of steam or of fuel, 
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or one dollar, expended in reduction of this internal waste, returns 
three ; and a profit of three hundred per cent. pays, in turn, the 
excess of cost of maintenance of superheating apparatus and 
incidental costs and repairs at engine and at boiler. 

Where the gain by use of superheating is less, the proportion 
of profit to expenditure is, as a rule, greater, since the effect of 
the first few degrees of elevation of temperature and of super- 
heat is by far the most effective introduction of initial con- 
densation ; precisely as the first instant of that condensation 
is vastly more effective in production of waste than the later 
period. 

CONCLUSIONS OF PRACTICAL IMPORTANCE, relative to the theoreti- 
cal and actual value and promise of superheating, may be, in the 
opinion of the writer, definitely stated as deductions from the 
preceding compilation of facts and experimental data, from the 
opinions expressed by unquestionable authorities, regarding the 
physics and the engineering side, and from the scientific discus- 
sion of the thermodynamics of the ideal case and of the action 
of the fluid in the heat engine. The conclusions of the writer 
are the following : 

1. Superheated steam, as hitherto employed in the steam 
engine, has absolutely no thermodynamic value. It neither 
raises the upper limit of temperature nor depresses the lower; 
it gives no increased range of temperature of the cycle; the 
value of the maximum measure of ideal efficiency, (7,—7’,)/T, 
is in no manner altered by its introduction into the system. 

On the other hand, it is evident, from a study of the physics 
and thermodynamics of the case, that, could any way be found 
of practically working superheated steam, safely and with econ- 
omy in its production, it would permit a thermodynamic gain 
only limited by the extent to which the range 7,—T7, could 
be thus expanded. It would further permit the combination of 
maximum pressures with maximum temperatures, and the ad- 
justment of the one to the other, in such .manner as to enable 
the engineer to secure the best possible combination of thermal 
and dynamic efficiencies, and the highest possible net total efti- 
ciency of fluid and of machine consistent with the employment 
of such materials in construction as the arts of the time may 
provide. 

2. Superheating has for its sole purpose and result, in the 
steam engine to-day, the extinction or reduction of the internal 
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thermal wastes of the engine, consequent upon the phenomenon 
known as initial or “cylinder condensation.” Here it is extra- 
ordinarily effective, and a small quantity of heat expended in 
superheating the entering steam effects a comparatively large 
reduction in the expenditure of steam in the engine, each 
thermal unit thus employed saving several thermal units other- 
wise wasted. The process is one, mainly, at least, of prevention 
rather than of cure of that fault. and prevention is, as usual, 
here found to be vastly more effective than attempted cure. 

3. Superheating is superior to any other known means of 
reduction of internal waste. Jacketing ordinarily suppresses 
but a fraction of that waste, and the multiple-cylinder engine 
has also its limitations ; while superheating may not only ex- 
tinguish it but may also check wastes due the resistance to 
flow of the denser, wet steam through steam and exhaust ports, 
and may sensibly improve the vacuum attainable in the con- 
denser, with corresponding reduction of back pressure, of the 
quantity of condensing water demanded, and of the load on the 
air pump. 

Superheating even a few degrees improves considerably the 
performance of the engine, and, in the average case, superheat- 
ing one hundred degrees Fahrenheit will entirely extinguish that 
waste. 

4. The hitherto unconquered obstructions to the use of super- 
heated steam in the engine have been those resulting from 
destruction of packing and decomposition of lubricants, with 
consequent friction and “ cutting” of the rubbing surfaces. The 
introduction of metallic packings and of high-test lubricants 
has now enormously reduced the difficulties of application of 
superheating. No trouble need now be found at the engine with 
sufficient superheating, under usual conditions of operation, to 
annihilate cylinder condensation. It seems not at all improb- 
able that even this limit may be, ere long, safely, and perhaps 
even largely, overpassed, with resulting improvement of ther- 
modynamic efficiency. 

5. The obstruction at the boiler has been, and still remains, 
difficulty of construction of a superheater, or of a superheating 
system, which will be at once effective, safe, and durable. 

The comparatively low temperatures at which modern boilers 
discharge their gases into the uptake, while reducing these diffi- 
culties largely, introduces the complementary one of increased 
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ag : necessary area of superheating surface, and consequent volume, 
weight, and cost of the superheaters. The real difficulty is 
to-day found at this point, and the production of a superheater 


which will safely withstand the effects of high temperature of 


flue gases, will effectively transfer heat from gas to steam, and 
__-will have a satisfactorily long life, still challenges the engineer 
as one of his most serious, yet attractive and important prob- 
lems. The gain in economy of fuel exceeds the gain in steam 


consumption. It is the gain at the furnace and in cost of fuel, 


not that at the engine in steam consumption, which measures 


its importance. 


6. The more wasteful the engine, the larger the promise of 


% gain by superheating, and small engines will profit by it more 


than large, slow engines more than fast, and simple engines 


- more than the multiple-cylinder systems, which latter require 


such auxiliaries less as their cascade action is the greater and 


its steps more numerous. 


7. The larger the waste to be checked in the engine, the far- 
ther should the superheating be carried. That degree which 
would serve every purpose in the simple, slow, small mill engine 
would be entirely too high for safe use, and quite inexpedient, 
in the high-speed compound of large size, while that which 


would be ample for the latter would be entirely insufficient for 
the former. 


Me 


Te 


8. The extent of superheating should be adjustable—not only 
to the particular size and type of engine in view, but also in the 


game engine—to the extent to which expansion is carried. 


That degree found best for a low ratio of expansion would 


_ prove entirely unequal to the required task in case of small load 


and short cut-off, although the total heat taken up from the 


_ superheater would be in any one engine fairly constant. 


A perfectly satisfactory system of superheating should be 
adjustable in this respect with the load on the engine, and still 
free from danger of burning out at light loads, while giving suit- 
able action at heavy loads. In the one case it must supply a 
small amount of highly superheated steam to the engine, in the 
other a larger quantity with less superheat. 

This presents the engineer with a problem not yet really 


attacked. 


9. The average simple engine may be said, under such condi- 


tions as we are most familiar with, to demand a quantity of fuel 
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above return of five dollars in saving to each dollar paid to thus — ee 
reduce waste, it will pay to annually expend the full equivalent _ 
of the interest on the price of the engine in maintaining a good e 
superheating system. When, however, as has usually hitherto oe 
happened, this account includes such large interest and wear- _ 
and-tear accounts as cause the total annual expense to exceed 


this financial limit, the engineer will wisely decline to thus waey 


invest capital. 

THE FINANCE OF THE CASE may be summaried as follows: _ 

Studying the results of experiments to date determining the — 
magnitude of the internal wastes which superheating is expected 
to reduce, we shall find that the following may be taken as, 
roughly, the measure of those wastes, the relative quantities of 5 
heat gained by complete extinction and expended in the work, 
and the extent of the necessary superheat : 
4 Mie! 


GAIN BY SUPERHEATING. stra’ 


Percen Relative heat 


plat: 


ENGINE. 


Steam pres- 
sure, pounds 
per square 
inch. 


steam con- 
densed, with- 
out super- 
heating. 


lost by con- 
densation and 
expended by 
superheating. 


Degrees 


superheat. 


Simple... 


Compound ... 


50 to 100 
75 to 125 


50 to 30 
30 to 20 
20 to 10 


5 tol 
8 tol 
2tol 


100 
75 
50 


‘| 125 to 180 


The gain secured actually ranges from ten to fifty per cent., — ou 
averaging about twenty-five per cent. . 
10. Given a safe and durable and efficient superheater, and 
the engineer will have the power to adjust his temperatures and = . 
pressures of working fluid to any limit that may be set by the cs om 


character of his materials in boiler and engine, and to secure the 


best adjustment of the thermal to the dynamic limit. 


sion requisite for maximum thermodynamic efficiency, and the a: 
high initial and mean effective pressures needed to insure maxi- 
-mmum dynamic efficiency or efficiency of the mechanism of the 


annually about equal in value to its own first 
pases obvious that under these a 
a 
a 
2, 
f a 
>) 
4 
in other words, he May pro a WOrKINGS Buia Davine at 
once the high temperature and wide range of adiabatic expan- eg a7 | 
4 


engine; the two combined thus giving the maximum total 


efficiency obtainable by any means whatever. The high thermo- 
dynamic efficiency of the gas engine and the peculiarly 
efficiency of machine” of the steam engine 
would be both secured, and the steam engine once more 
beyond rivalry among all the heat engines. 
This is, to-day, the greatest of all the problems presented 
| ae the designing and constructing engineer, with the possible ex-_ 
ception of that of finding a system of effectually rendering the 
interior of the working cylinder non-conducting, in such manner 
as to entirely prevent the occurrence of initial condensation, 
a thus conforming the “ideal case” to the real, and making the 
steam engine a purely thermodynamic machine.* 


Mr. George I. Rockwood.—I agree with the author that super- 


ae is avery important subject for discussion, as it presents 

_ the only unexplored field of experiment and investigation left 
in connection with the steam engine. 

I feel quite confident that a successful direct superheating 

_ apparatus never will be obtained. By direct, I mean an appa- 

- ratus which brings high-pressure steam into contact with one 

4 side of metal highly heated by waste gases on its other side. 

Tt will always be dangerous to use such an apparatus, and 

Po moreover, it is not necessarily economy to use this class of 

A heater. The waste gases may be less dangerously employed in 

oe heating either the air for combustion or the feed water. It is 

a Daas quite possible to superheat the steam in the usual way of heat- 

: -— ing the feed water ; that is, by carrying steam of a higher tem- 

is _ perature and pressure inside the tubes of a tubular heater and 

- causing the live steam to pass around these tubes on its way to 

_ the engine. By placing such a heater above the boiler, gravity 

: ae will return the drips without the aid of traps This method of 

i superheating has been extensively applied in compound engines 

rae to the steam exhausted from the high-pressure cylinder on its 

a way to the low-pressure cylinder. I have obtained a superheat 

of forty degrees above the temperature normal to the pressure 

in the receiver with one-half of a square foot of brass tubing to 


** The Final Improvement of the Steam Engine ;” R. H. Thurston ; 7’rans- 
actions United States Naval Institute, 1891 ; Sibley Journal of Engineering, 1892. ; 


2 


SUPERHEATED STEAM. = __ BST 


the horse-power, and I understand Mr. E. D. Leavitt has 
obtained a superheat of one hundred degrees by using, if I 
recollect rightly, nearly two square feet of surface to the horse- 
power. 
Prof. R. H. Thurston.—I think Mr. Rockwood entirely right. 
This particular method is referred to in the text under the head 
“reheating.” 
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EXPERIMENTS WITH AUTOMATIC MECHANICAL 
STOKERS. 


BY J. M. WHITHAM, PHILADELPHIA, PA. oes 


(Member of the Society.) 


Stokers in General.—The recognized advantages of mechanical 
stoking are: 

1. Adaptability to the burning of the cheapest grades of fuel. 

2. A 40 per cent. labor saving in ‘plants of 500 or more horse- 
power when provided with coal-handling machinery. 

3. Economy in combustion, even under forced firing, with 
proper management. 

4, Constancy and uniformity of furnace conditions, the fires 
being clean at all times, and responding to sudden demands 
made for power. This should result in prolonged life of boilers. 

5. Smokelessness. 

The disadvantages are : 

1. High first cost, varying from $25 to $40 per square foot 
of grate area. 

2. High cost of repairs per annum, which, with some stokers, 
is as much as $5 per square foot. 

3. The dependence of the power plant upon the stoker engine’s 
workings. 

4. Steam cost of running the stoker engine, which is from } to 
2 of 1 per cent. of the steam generated. . This is about $50 a 
year on a 10-hour basis for 1,000 horse-power when fuel is $2 
a ton. 

5. Cost of steam used for a steam blast, or for driving a fan 
blast, whenever either is used. This, for a steam blast; is from 
5 to 11 per cent: of the steam generated by the boilers, and 
from 3 to 5 per cent. for a fan blast. This amounts to about 


* Presented at the St. Louis meeting (May, 1896) of the American Society of 
Mechanical Engineers, and forming part of Volume XVII. of the 7ransactions. 
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$1,000 a year for a steam blast, and $500 a year in fuel for a fan 
blast, for a 1,000 horse-power plant on a 10-hour basis, when 
fuel is $2 a ton. 

6. Skill required in operating the stoker. Careless manage- 


ment causes either loss of fuel in the ash, or loss due to poor - 
combustion when the coal is too soon burned out on the grate, 
thus permitting cold air to freely pass through the ash. 

7. The stoker is a machine subject to a severe service, and, 
like any other machine, wears out and requires constant atten- 
tion. 

This paper is intended to show the performances of the 
Wilkinson stoker, and the use of steam in combustion; the 
operation of the Coxe stoker using a graduated fan blast, and of 


pail) 
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ae Fie. 120.—Witkinson STOKER FOR A RETURN TUBULAR BOILER. 
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the Babcock & Wilcox stoker under a strong natural draught. 
The Coxe is designed for use with buckwheat and rice grades 
of anthracite coal, the Wilkinson stoker is adapted to both 
anthracite and bituminous coal, while the Babcock & Wilcox 
stoker is 1 used only with bituminous coal. 


THE WILKINSON STOKER, 


General Description.—This stoker is shown in front elevation 
in Fig. 119, in longitudinal section in Fig. 120, while Fig. 121 is 
a cut of its.grate bar. The stoker consists of hollow bars, set 


Pinons 


234 
& Indicates machine work or finish to be allowed for in making pattern. ae o< anda i 


Fig. 121.—Bar oF THE WILKINSON STOKER. 
ends. The top of the bars is stepped, and tuyere-shaped open- 
ings, about } x 3 inches, are provided in each riser. 

The bars are carried, at their ends, on hollow boxes. 
lower box, or bearing bar, has finger grates, about 15 inches 
long, secured to its rear face. The bars are 4 inch centres, so 
that, practically, the air openings are restricted to the risers, 
already noted. Adjacent bars move in opposite directions by a 
system of toggles controlled by a compound spur gearing, which 
is driven by the stoker engine. 


shown at A in Fig. 120, is removable, thus affording access to the 
grate when desired. A small observation door is provided near 


at an angle of about 25 degrees with the horizontal, with open — 


The 


The feeding is accomplished by the motion of the grates, no 
feed roll or pusher being required. The wedge-shaped gate, oa 
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each end of the hopper, through which a slice bar may be 
passed to cut away any side-wall deposit. 

Steam jets at the open upper end of each bar force into the 
fire the air needed for combustion. There is one jet to each 
bar, having an opening of about .4; inch (see B, Fig. 120). 

This stoker is specially well adapted to the burning of small 
sizes of anthracite coal, and is also used with bituminous 
coal. 

Stoker Trials.—Thirteen trials of this stoker, with various 
anthracite coals and various boilers, have their results sum- 
marized in Sheet No.1. The trials were conducted in accord- 
ance with the methods advised by this Society. 

Trials 252, 253, 254, and 239 were made with rice coal, while 
the remaining ones were with buckwheat. 

The commercial results are given in line 59, while lines 55 and 
554 show the manner in which the boilers were forced. The 
results are all good, and indicate that this stoker is nearly as 
economical when working with forced as with gentle fires. The 
range of the rate of combustion varied from 14.8 to 45 4 pounds 
of dry coal an hour per square foot of grate. 

Effects of Steam on Combustion—Steam in passing through a 
bed of burning coal must extinguish the fire or become decom- 
posed. The steam, in practice, acts upon the coal as in a gas 
producer, and the combustion chamber is filled with burning 
gases. With natural draught and anthracite coal the flame is 
seldom longer than from 8 inches to 36 inches, yet a steam blast 
will make a flame 40 feet long if permitted to do so. The effect 
of the steam, then, is to gasify the coal. This results in a more 
uniform distribution of the effective heating surface of the 
boiler, reduces local injury, gives a more uniform expansion to 
the parts of the boiler, but is apt, if not properly controlled, to 
cause a loss of heat in the stack. 

Steam prevents the formation of clinkers, thus prolonging the 
life of the bars and furnace linings. 

Steam Used by the Wilkinson Stokers.—While conducting trials 
253, 254, 290. and 291, separate trials were made on an auxiliary 
boiler supplying the steam jets and the stoker engine. The 
exhaust from the stoker engine was condensed, so that the 
amount strictly chargeable to the jets would be known. 

Thus in trial 253 we have, when burning Lykens Valley rice 
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56. Evaporative horse-power developed by boilers.............-. 691 
Boiler horse-power used by stoker engine ..... 1.42 

Boiler horse-power used by stoker jets........ %8.21—74.63 


Line 56, corrected. Available boiler horse-power....... Re ee 616.37 


Per cent. of power developed used to operate stoker engine. ... 
5 .; Per cent. of power developed used to operate stoker jets....... 


Per cent. of power developed used to operate the stoker ..... 


Line 49, corrected. Evaporation, 212° F., per pound of dry coal..... 8.21 lbs. 
50, Evaporation, 212° F., per pound of combustible... 9.34 
Dry coal burned per hour per available boiler 
4 In trial 254 air was supplied by a fan driven by a small slide- _ 


valve engine. The air was led to the hollow posts carrying the 
front bearing bar or box, from whence it entered the hollow 
grate bars and passed into the fire. The open ends of the grate — 
bars were closed, the steam jets being removed. Clinker forma- =—- 
tion was prevented by turning the fan engine’s exhaust into the 
air conduit, and also by bleeding so much live steam into the 
bars as was necessary to protect them. Burning Lykens Valley __ 

rice coal, we found : 


Line 56. Boiler horse-power developed .............cccccecceceeccecees 


Boiler horse-power used by fan engine. ............... ae 

Boiler horse-power as live steam bled into grates to esti 
prevent injury to them..... 23.1 

Boiler horse-power used to drive stoker engine.......... - 1.08—87.28 


Line 56, corrected. Available boiler horse-power remaining...... Sebes. Bee 


Per cent. of power developed used to operate fan engine....... 3.21 
Per cent. of power develuped used for protecting the grate bars 5.62 
Per cent. of power developed used to drive stoker engine ...... 0.25 


Per cent. of power developed used to drive fan, stoker, etc... .. 


Engine horse-power developed by the fan engine.............. 5.92 
_ Steam consumption of fan engine, in pounds of water, 212° 
engine horse-powey 76.6 Ibs. 
Line 49, corrected. Evaporation, 212° F., per pound of dry coal.... 9.09 
50, s Evaporation, 212° F., per pound of combustible. 10.88 ‘ 


_ Comparing these two tests, we see that about the same per- 
: esha of the steam generated was required when running with — = 
the fan as when using the steam blast, while this stoker can be a 
pushed harder with the steam blast. 
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If no live steam had been used to prevent clinker formation on 
test 254, then we should have been able to compare the steam 
and fan blasts as follows: 


Steam Blast Fan Blast 
Items. Test 253. Test 254. 
Pesceatene of boiler capacity required to operate the 


stoker engine 0.21 0.25 
Percentage required fur the steam blast 10.59 are 
Percentage required for the fan engine ie 3.21 


10.80 3.46 
100 33} 


In trials 290 and 291 the steam consumption was found to be 
as follows, the stokers operating in the usual manner with steam 
blasts, burning Philadelphia & Reading Coal Co.’s buckwheat 


coal 


KIND oF TeEst. 
Items. Test 290. Test 291. 
Economy. Capacity. 
Number of boilers tested and run by stoker engine 2 1 


Line 51. Pounds dry.coal burned an hour per square foot of 
82.5 45.4 


_ Boiler horse-power used by stoker engine 
Boiler horse-power used by stoker jets 


One Total boiler horse-power used by stoker 


Line 56, corrected. Available boiler horse-power remaining. 


Percentage of boiler power used by stoker engine. . 
Percentage of boiler power used by stoker jets 


Percentage of boiler power used by stoker 
Line 49, corrected. Evaporation, 212° Fahr., per pound of 
‘** 50, corrected. Evaporation, 212° Fahr., per poand of 
combustible, pounds 
‘* 69, corrected. Pounds dry coal burned an hour per 
available boiler horse-power developed. . 


It is therefore evident that this stoker uses from 7.8 to 10.8 
per cent. of the total steam generated, when the boiler is driven 
from 12 to 60 per cent. above its rating, providing the rate of 
combustion is from 20 to 45 pounds of dry buckwheat an hour 
per square foot of grate. An inspection of Sheet No. 1 shows 
that this stoker is largely independent of the natural chimney, 
draught. A steam or fan blast develops its own furnace draught 
(which is that useful for combustion), and the chimney draught is 
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. 
are 
: | Total ee 
Relative amounts, about 
ey 
Line 56. Boiler horse-power develope 840.4 553.1 
afte 
........ 65.8 56.3 
496.8 
0.26 0.42 
7.57 9.76 
7.88 10.18 
11.32 10.5 
— 


the entire bed of coals. We may now stat 
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useful only in carrying the gases away from the furnace. If the 
chimney draught is inadequate for this light duty, then the blast 
comes to the rescue and pushes the gases away. In this latter 
case there is a positive pressure in the furnace. 

Possible Rates of Combustion —The following table is a summary 
of independent investigations made by the writer to determine 
the range of combustion possible with the Wilkinson stoker. 
The first, second, third, and fifth columns are the results of | 
direct measurements, the remaining columns being deduced. — 
from them. 


TABLE, SHOWING THE PERFORMANCE OF THE WILKINSON STEAM BLAST 
| | | | | 38. | | 
| 43 S255 ets | S52 | 
| 53 ZEs gis 524 
5 § 5 6 & 
4,178 0.'700 5,970 12 232 125 + 85.6 
4,717 0.825 5,718 18 157 125 + 25.6 
5,564 0.945 5,877 25.2 1382 125 + 5.6 
6,625 1.180 5,615 82.5 1238 125 — 1.6 
7,642 1.290 5,924 41.5 111 125 —11.2 
1.590 45.4 111 125 —11.2 


These results are shown graphically in Fig. 122. Thus there 
is an excess supply of air up to a combustion of 30 pounds of 
dry coal an hour per square foot of grate. This is the critical 
point in the diagram. By referring to Sheet No. 1, trial 291, we 
see that there was an almost perfect evaporative efficiency when __ 
burning 45.4 pounds of dry coal an hour per square foot of grate, 7 
while the diagram, Fig. 122, and the above table show that there — 
must have been an 11.2 per cent. deficiency in the air supply. 

Such a deficiency in air supply would seriously impair the __ 
efficiency of most furnaces, but is no serious drawback with this 
stoker, on account of the thorough diffusion of the air through — 
e that this stoker has 
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COMBUSTION RATES AND 
STEAM CONSUMPTION 
OF THE 
WILKINSON STOKER'S 
STEAM-AIR BLAST 
FROM EXPERIMENTS OF 
Jay M. Whitham 


Cu! ft.jof air used per Ib! of dry buckwheat coal. 


t cbal 


ne 


h 
buck 


burned an hour|per 
sq./ft.jof grate. 


Pounds of| dry 


Cu! ft.jof air discharged 


sedlb 


15 30 45 60 5 86 lbs. AMERICAN BANK NOTE CO., N.Ye 
Steam pressures at the jets of the Wilkinson Stoker. 


Fie. 122 


a range of combustion up to 45 pounds of dry coal an hour per 
square foot of grate. 

It is common knowledge that ordinary furnaces, run with 
natural draught, use about 100 per cent. excess air for dilution, 
and that blasts in general use 50 per cent. excess. The following 
table shows that a 10 per cent. deficiency of air supply gives 
boiler nearly the same theoretic absorbing efficiency as a 100 
per cent. excess supply. The table is based upon the burning 
of one pound of pure carbon. It shows the approximate flam 
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temperatures, heat units developed, and units absorbed by the 
boiler when the external air is at 70 degrees Fahr., and the 
stack gases are at 525 degrees. 


THE BURNING OF ONE POUND OF PURE CARBON. 


of Air Supplied. 7 ‘ ’ 
Per Flame. Developed Absorbed 


Excess or Deficiency | Temperature of the Heat Units Heat Units ; 


4,555 


Quantity of Steam Used by Other Forms of Steam Blasts.—In 
order to compare the steam used by the Wilkinson stoker’s 
blast, burning buckwheat coal, with the consumption of other 
types of steam blowers, some experiments, by the writer, are 
given in the following Table of Data of Tests. The table repre- 
sents results of experiments with the McClave, Young, and ~ 
Eynon-Korting steam blowers, which results are also plotted on 
Fig. 123. They were made with grates having about 11 per cent. 
air openings. 
The McClave argand blower had 18 ;-inch jets, spaced 1.2- 
inch centres. The Young blower had 20 ,;-inch jet openings, 
spaced 13-inch centres. The No. 5 Eynon-Korting blower had 
one 3-inch orifice. 
The diagram, Fig. 123, shows that, with moderate firing, the — 
Korting will discharge more air per hour per boiler horse- __ 
power expended on the blower than will the McClave, but that 
the latter has an economic advantage when the fires are forced. — 
It also shows a general superiority of the McClave over the 
Young blower. 
The “Summary of Steam Used to Operate the McClave and 
Young Steam Blowers ” (see p. 569) exhibits the performances of 
these blowers for grates, fuel, steam consumption, etc., as noted. 


q 

— 50 2,662 8,600 — 

— 40 8,349 6 5,515 

— 10 4,610 12,490 11,260 
— 8,140 14,500 12,425 a 
2,665 | 14,500 
100 2,540 | 14,500 11,925 

— 
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FOR THE 


McClave, Young & Eynon-Korting Types, 


DIAGRAM SHOWING 


BLOWER CAPACITY AND EFFICIENCY 


20 8 4 50 60 


Steam pressures at jets of air injectors. 


STEAM BLOWERS. 


*‘posn JO 


By J.M, Whitham, Phila. 


= 
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Capacity | 250) 378 


| Economy 


t.| Ca 
“ 
“ 


150 
209.4 


With an 8 in. bed of buckwheat coal burning on a pin-hole grate. 


EynoniKortin 


Jo “d | 


10 


pacity 


Economy| 250) 272 
Capacity | 250) ; 


| 


Economy} 150 


| Capacity | 150 
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Combining the main features of this table with s 


489} 10g 


= 

q 

ag — 

Fie. 123 =. 
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F STEAM USED TO OPERATE THE MCCLAVE AND YOUNG 

: 

| 5 | 6 

0.3 (0.59! 0 |0. 

‘Bite 9.3 |0.16/0.18 0. 

| McClave. | 1 37.4 |0.32/0.11)0. 

“ 8.4 (0.78)0.080. 


Per cent. of total 
ounds 0 coal; steam generated 
ba burned an hour |in the boilers that 
in ote ee per sq. ft. of is required to 
an grate. operate, the steam 


Name of 
blower. 


Rice. Young. 25.8 

17.9 

Wilkinson, 27.0 
Buckwheat. Young. 27.3 
16.7 

= 31.4 
McClave. 16.4 
26.1 
Wilkinson. 82.5 
45.4 


This table shows that the Wilkinson stoker requires for oper- 
ating its steam blast about the same quantity of steam as the 
other blowers. It should, however, be noted, in justice to the 
other blowers (as is seen by comparing tests 303 and 305 in this 
table), that the 10.8 per cent. steam consumption, with 11 per 
cent. air openings in grate, dropped to 8.9 per cent. when the 
grate bars were changed so that the air area was 26 per cent. 
This indicates that the steam consumption decreases as the 
percentage of air openings in the grate increases. 

Summary Regarding the Wilkinson Stoker.—1. Small grades of 
anthracite coal pack closely upon the grate, and offer much 
resistance to the introduction of the air supply. They require 
a strong blast. 

2. With the same draught, natural or otherwise, the rates of 
combustion and costs of small grades of anthracite coal are 
about as follows : 


RELATIVE RATES OF COMBUSTION AND Costs OF SMALL SIZES OF ANTHRA- 
CITE COALS. 


Relative RELATIVE Costs. 
- rates of 
Size of coal (round holes, punched plates). | combustion 
for same On cars, 
draught. Philadelphia. 


inch and over 9; inch 
‘ 


‘ 
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_-—s obtained for the Wilkinson steam jets, we have the following 
CONSUMPTION OF STEAM BLAsTs COMPARED. 
| 
y 
test Coal. 
| 
258 
304 
4 

: 

; 
‘ Ay 
Grade. 

. Pea .......| Through a 100 100 100 
Buckwheat. . 85 57 79 
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3. A steam blast, in general, will use from 5 to 11 per cent. _ 
of the steam generated in the boiler. The Wilkinson stoker 
blast is no exception. oa 

4. The efficiency of the Wilkinson steam blast is less than 
that of the other forms of steam blowers noticed in this paper ; 
yet, for a given combustion rate, no more steam is used, because 
this stoker has a more perfect diffusion of the air through the 
fire than is possible with flat grates, and can secure a good 
evaporation with less air for dilution than can any other sys- _ 
tem of burning coal known to the writer. 2 
ss 5. Most anthracite coals of inferior sizes clinker badly if the ~ 


fe dealt cult 


fire is forced. Such clinkers freeze to the sides of the furnace 
and to the grates. This is specially true for fan blasts. But _ 
the effect of a steam blast is to chill the grates and non-com- — 
bustible material against them, so that a clinker cannot form. 
The result is a prolonged life of bars and furnace linings. 

6. In plants subject to extreme fluctuations in power demands, 
the bars of this stoker are subject to a severe service. When 
an intensely active combustion has been required for a time and __ 
the demand ceases, the steam jets are shut off and the fire is, as — 
it were, banked until the demand-is resumed. In this case no 
air or steam, practically speaking, is given to protect the bars, _ 
and the white-hot coal against them may cause damage. =— 


. 
ae. 
a 
a 
‘ 
ig 
a 
‘ = a 
Be 
ve 


| 


General Description. —Fig. 124 is a longitudinal view of this 
stoker. It consists of a travelling chain grate with a fire on its 
upper surface. The coal is fed by the motion of the grate at 
the front. There are four blast compartments, 4, B, C, and D, 
under the fire, connected by dampers or registers, so that the 
intensity of the fan blast may be varied in each compartment. 
Compartment A receives a gentle blast to ignite the coal. The 
ignited coal receives a heavy blast over compartment B, which ° 
burns out the volatile gases and partially burns the fixed car- 
bon. Over C the coal is nearly burned out, while a gentle 
blast at D reduces the fuel to ash. 

The trials named in Sheet No. 4 were in one of two double- 
deck Babcock & Wilcox boilers, 375 horse-power each, 
equipped with the Coxe stokers. The general dimensions were: 


- Size of bed of fire.......... See eee 7 feet 3 inches x 9 feet 6 inches. 
a eb Air openings in grate 18.8 per cent. 
Air openings, width 
ue One 30-inch Sturdevant fan blower to each stoker. 
One 7} x 7 inch, 390 revolutions, 25 horse-power Westinghouse stand- 
ard engine for two stokers and two fans. 


The sides of the furnace are protected by wrought-iron water 
backs, D-shaped in cross-section, along the flat of which the 
coal is dragged, and through which water circulates under a 
slight pressure. On the trials the water was discharged into a 
tank and used as a boiler feed. The extent of the heating of 
the water depends upon the quantity supplied. 

Trials of the Coxe Stoker.—These were conducted in accord- 
ance with the methods advised by this Society, on one boiler 
and one stoker, Trials 332 and 333 were made with buckwheat 
coal furnished by the P. & R.C. & I. Co. Analyses of the buck- 
wheat coal were made by Mr. John R. Wagner, with following 
results : 


Buckwheat Coal Analyses: Test £88. 


Moisture in coal sample. . .. 2.02 p. c. 2.42 p. c. 
Volatile combustible matter 4.95 p. 
Fixed carbon 76.18 p. ¢ 

16.45 p. c. 
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Ash Analyses: 
Moisture in sample. 
Volatile combustible matter 
Fixed carbon 


Slate Test of Coal : 


Pure coal 
Blate and bone.. 


| “Bieing Tests (round holes, punched plates) : 


Chestnut size, through 1} inches and over} inch.... 0.82 p. c. 
Pea size, through { inch and over 4%; inch.. 19.86 p. c. 


size, through 3%; inch and over inch.... 61.09 p. c. 


Barley size, through +4; 
Culm size, through x a... 


Analyses of the flue gases were not made for these tests, but 
the results were probably similar to the tests made two days 
earlier, when the same coal was burned with the stoker driven 
about as in tests 332 and 333. These analyses were also made 
by Mr. Wagner, and were: 


Gas Analyses, Boiler Trial 328 : Gas Analyses, Boiler Trial 329 : 


Carbonic Free Carbonic Free 


AcidGas. AcidGas. Oxygen. 
12.7 p. c. p. ¢. 13.2 p. c. 
17.5 p.c Bp. 13.0 p. 
17.4p.c. 1.9 p.c. 18.1 p. 
p.c. 48 p.c 13.7 p.c 
12.7 p. 
12.9 p. 
p. 


“4d 


Average, 15.1 p. ¢. 4.3 p.c. Average, 12.9 p. c. 
Sum, 19.4 p. c. Sum, 19.8 p. c 


The operations of the stoker were as follows : VYoint eet co 


54 in. 


a 
age 
Boile: 
Test 382. Test 333. 
0.02 p. ¢. 0.02 p. 
18.18 p. c. 12.00 p. c. 
81.20 p. c. 87.85 p. c. 
TR 
Rice size, through inch and over inch.......... 16.98 p. 15.26 p. 
and over #; inch....... 0.68 p. ¢. 
qi 
2 yt. 
: 
oe 
q 4 
* S42" 
4 
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The blast pressures and draught conditions were as follows, 


in inches of ‘water: 


DRAUGHT CONDITIONS OF THE COXE STOKER TRIALS. 


Buckwheat| Buckwheat 


I e coal, oal, Rice coal, 
ae Test 382, | ‘Test 333, | Test 384. 
Pressure i in igniting compartment A (Fig. 124). --| 0.14 in, | 0.25 in. | 0.44 in. 
‘© burning B | 0.81 in, | 0.56 in 0.89 in, 
 burning-down compart (ig. 124) 0.24in. | 0.49in. | 0.73 in, 
burning-out 0.17in. | 0.42in. | 0.67 in. 
blast of air, average ........ 0.24 in, | 0.43 in. | 0.68 in. 
Vacuom in farmace...... O.10 in. | 0.15 in 0.24 in, 
Total furnace draught ... ............. cone 0.34.in. | 0.58 in 0.92 in. 
0.13 in, | 0.40 in 0.58 in. 
0.37 in. | 0.83 in 1.26 in. 
Pounds of dry coal an hour per sq. ft, of grate...| 19.8 82.9 28.0 


The engine horse-power used to run the stoker and its fan 
blast varied with the manner of operating the stokers, but aver- 
This, for a Westinghouse engine 
7; x 7 inches, must have called for about 20 boiler horse-power. 
In this event, the boiler developing about 500 horse-power, four 
per cent. of the. steam generated would be charged to the Coxe 
This is an expression of the writer’s best judgment, 
rather than a statement of facts, as the stoker engine was not 


aged about 10.8 horse-power. 


stoker. 


indicated until after the tests. 


Trial Sheet No. 4. shows excellent results with this stoker. 


Each test covers a double column, the first part referring to the 
boiler only, and the other to the boiler and water-back com- 
bined. Assuming the four per cent. charge for operation to 
hold, we must deduct it from the apparent results to get the net 
The results previously found with the Wilkinson 
stoker, trial No. 290, Sheet No. 1, will now be compared with 
the Coxe stoker, trial No. 332, sheet No. 4, both referring to a 
375 horse-power Babcock & Wilcox boiler, using P. & R. C. & L. 
Co.’s buckwheat coal, the boilers being run in each instance to 
secure best economy, i.e, to develop near their rated power. 
This comparison is made in the following table: 


results. 


> 
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- CoMPARISON oF NET RESULTs OF ECONOMY TRIALS MADE WITH THE COXE AND 
WILKINSON STOKERS. 


Coxe SToKER, TRIAL 332. 


WILKINSON 
SToKER, TRIAL 


Water-back Water-back 
neglected. included. 


Per cent. of ash in coal 

Moisture in coal, per cent 

Pounds dry coal burned per hr. 

4 per sq. ft. of grate 

Total furnace dra’ght,in, of water 

Total draught, in. of water 

Boiler H. P, develop’d, per boiler 

_ Boiler H. P, available, per boiler 

- Corrected evaporation, from and 

at 212° F., per lb. of dry coal, 

_ Corrected evaporation, from and 
at 212° F., per lb, of combus- 
tible, pounds 

Pounds of dry coal an hour per 
available boiler H. P, devel- 
oped 

Pounds of combustible per hour 
per available boiler H. P, 

Ratio of heating to grate surface 


This table shows that there is no practical difference between 
the net economic results obtained with either form of stoker, 
when operated so as to develop about the rated power of the 
boiler. The Coxe developed the greatest capacity, as seen by 
- comparing trial 333, Sheet No. 4, with trial 291, Sheet No. 1, 

because it had much advantage in the extent of grate area. 

Summary Regarding the Coxe Stoker.—_1. The stoker engine 
and fan blast use about four per cent. of the steam generated in 


the boilers. 


2. There was no clinker formed during the trial, as the coal 
was what is known as “white ash.” It is probable that the 
clinkering would not be serious with even Lykens Valley coal. 

3. The fires resembled a puddling furnace. The furnace tem- 
peratures must have been nearly 2,800 degrees Fahr. over the 
two central blast compartments. Analyses of the flue gases 
proved that the combustion was good. 

4. A most annoying and peculiar deposit of ash, etc., rapidly 


3 
— 
0.7 45 \ 
370.4 878.0 
355.6 362.9 387.3 
a 
8.87 9.17 4 
10.72 11.07 11,82 
3.18 8.11 8.05 
fa) 
7 
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collected against the water tubes, due to the intensity of the 
blast in the two central compartments of Fig. 124. This deposit is 
not readily removed by a steam blast, but comes off with ease | 


Fie. 125.—FRoNT OF CHAIN-GRATE STOKER, BABCocK & WILCOX PATTERN. 


when scraped. The particles clinging to the tubes appear to 


have been fused. They much resemble the formations observed 
on boilers burning blast-furnace gases. 


5. The water-box furnace lining is an advantage when used in 


a> 4 
Pat 


connection with an open feed-water heater, like the Webster, 
Hoppes, etc. Too much water for boiler-feed purposes was cir- : 
culated on the test. If a water box is a necessity (the writer _ i . 
thinks it is not), it should be made strong enough to stand the ae 
boiler pressure, and to receive the feed water just before it — 
enters the boiler. In this event pipes should be provided for 

an induced circulation when not feeding the boiler. 


pow er demands. 
7. The economic results obtained on the trials were good. 


Fie. 126.—SipE View or Bascock & WILCOX STOKER. 


8. Crowding the fires produces but little reduction in the 
economy. 

9. About three-fourths as much capacity can be developed 
with rice as with buckwheat coal, under like conditions, with a 
this stoker. 

10. More than ordinary care and skill are required in operating _ 
this stoker, on account of the graduated air blast used. Thisis 


= 
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Nhe stoker will quickly reanondg 

: 

— 

7 
specially true for a plant receiving mixed wheat = 
coal from different mines, or from different levels from one <> 4 
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mine. Any inattention may result in too much or too little air 
being supplied over the last two, 7.e., the burning-down and 
burning-out compartments, or C and D of Fig. 124. 


3) 
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> 
~ 
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5 
< 
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THE BABCOCK & WILCOX STOKER. 


General Description. —Like the Coxe, this stoker is of the chain- 
aS grate type. It is useful only for burning bituminous coal. It 


. 
4 « . 
if 


195 to 128). 
_ As used on the tests noted in Sheet No. 5, the Babcock & ay 
Wilcox stoker had an active grate 78 inches wide by 84 - 7 


& 
= 
= 
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= 
= 
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< 
ie} 
= 
a 
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= 
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— long, with 21 per cent. air openings for the boilers described in 
_ the sheet. The ratio of heating to grate surface was 60.6 for 
trials 330 and 331, and 61.3 for trial 278. The fires were carried 
_ 3 inches thick in front. The speed of the grate varied from 28 
88 
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inches to 2% inches per minute. Only natural draught was em- ; 
ployed, and that was indifferent on trials 330 and 331, 
Stoker Trials.—Sheet No. 5 contains the results of three trials 


4 pee 


‘ 


Fig. 129.—FURNACE FITTED TO RECEIVE BaBcock & WILCcOox STOKER. 


made on this stoker, in accordance with the methods advised by 
this Society. Trial 278 was made jointly by Mr. Daniel Ash- 
worth, of Pittsburg, and the writer. The economic results are — 
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_ The general items of interest were as follows: 


Items. Test 330. 
Furnace draught, in inches of water 0.26 
Stack flue draught, in rear of boiler, 
inches of water soe 
Kind of bituminous coal burned.... Columbian” 
from W. Va. from W. Va, _Pa.,, slack. 
Pounds of dry coal burned an hour Y oe 
per square foot of grate - 
Per cent. of ash and refuse in coal. 
Temperature of gases in flue in rear 
of boiler, degrees Fahr 
Square foot of heating surface to 
one developed horse-power.... 
Commercial result, or pounds of dry 
coal burned an hour per boiler 
horse-power developed 


is Summary Regarding the Babcock & Wilcox Stoker.—1. This 
_stoker is smokeless when run as in the tests. It did not forma _ 
clinker, nor require the use of a firing tool. 
2. It readily responds to fluctuating boiler demands, where 
the stack draught is good. 
3. It, like the other stokers named in this paper, requires a 
strong draught, either natural, induced, or forced. The air open- 
ings in the grate are but about one-half of the extent usually 
found with stationary grates, hence a stronger draught is re-. — 
quired than with hand firing. 2 
4. A remarkable feature of the tests is that the boiler develops 
almost ideal economy when forced to develop an evaporative 
horse-power on six square feet of heating surface. This is never 
realized with hand firing. The writer’s experience is that when 
a boiler, rated on 10 to 12 square feet to the horse-power, is | 


forced to develop a horse-power on less than 8.5 square feet of ‘ : 


heating surface, the economy rapidly drops. 

5. No charge can be made against this stoker for steam used, 
other than from one-fifth to two-fifths of one per cent for driving 
the stoker engine. 

GENERAL SUMMARY. 
1. Each stoker seems well adapted to the conditions for which 


it was designed. 


2. Each stoker gives ideal economic esi when properly — 


handled. 
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§HEET No. 4 


TRIALS OF THE COxE CHAIN-GRATE STOKER AND BaBcock & 


Of THAR)... 382 333 


Type of Boiler...... Double-deck| Babcock & Wil 


1. Number of boilers tested.......|........ 1 
2. Duration of trial ...... 10 
Dimensions and Proportions. 
(or description of boiler see 
8. Total water-heating surface per 
boiler.... 
4. Width of grate 
Length OF grate... 
. Area of grate 
. Ratio of water-heating to grate 
surface 
. Kind of grate 
. Percentage of air space in grate. 
. Height of stack above dead 
. Area of stack 


Average Pressures. 


. Atmospheric pressure, per ba- 
rometer 
. Steam pressure in boiler by 
gauge 
. Force of draught 
inches of water . " 
. Force of draught in inches of 
rnace. 
water J Ash-pit 


Average Temperatures. 


q 90 4 
. Of feed water 107.1 119.7 
. Of escaping gases............ “a 439 547 


Fuel; P. & R. C. & I. Co.'s An- 
thracite. Buckwheat. Buckwheat. 


. Total amount of coal consumed 

. Moisture in coal 

. Dry coal consumed 

. Total refuse in coal 

. Percentage of refuse in coal.... 

. Total combustible (dry weight 
of coal, less refuse).......... 


Results of Calorimetric Tests. 


. Quality of steam, dry steam 
being taken as unity......... 


: y 
| BY JAY M. WHITHAM, PHILADELPHIA. 
Trials made for Philadelphia Traction Co., Philadelphia. 
cox. 
| Units. 
1 
—— 
h fan blast under fire. 
12. Ratio of stack area to grate sur- 
13) 
Lbs. 14.69 14.70 14.69 
“ 181.5 182.6 mi 
15 
Ins. —0.18 —0.40 —0.58 
1 
—0.10 —0.15 64. 
+0.24 +0.43 +0.68 
18 90 
20) 
22 % 0.7 4.3 2.5 
23 Lbs. 12,298 22,690 19,305 
24 2.121 4,292 4.172 
: i % 17.2 18.8 21.6 
> 
Sa Lbs. 10,172 18,398 15,138 
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Number of Trial..... 
Date of Trial.. 


332 
7/17/95. 


833 
7/18/°95. 


834 
7/26/°95. 


Type of Boiler. 


Water. 


. Total weight of water pumped 
into boiler and apparently 

Water actually evaporated, cor- 
rected fur quality of steam, 
Equivalent water evaporated 
into dry steam from and at 
212° Fahrenheit.............. 
Equivalent water evaporated 
into ory steam from and at 
212° Fahrenheit per hour..... 
Total heat derived from fuel perl 
lb. of coal 
British thermal units by mar 
eis per Ib. of coal 
Efficiency of boiler......... cee 


31. 


= 


Economic Evaporation. 


. Water actually evaporated per 
lb. of dry coal from actual 
pressures and temperatures. . 

water evaporated per: 
b. of dry coal from and at 
212° 

b. combustible from and at 

212° Fahrenheit.............. 


Rate of Evaporation. 


Water evaporated, ( Heating 
from and at 212° | surface.. 
Fahrenheit, per hour, | Grate 


per sq. ft. of...... surface. . 
Rate of Combustion. 

Dry coal burned per sq. ft. grate 

surface per hour........ .... 


41, 


Horse- Power. 


On a basis of 30 Ibs. of water 
evaporated per hour from 
temperature of 100° Fahr. into 
dry steam at 70 lbs. gauge.. 

Horse-power, builders’ rating at 
sq. ft. per horse power. ‘ 

Per cent. developed above or 

~*~ ft. of heating surface Lon 

orse-power developed... 


99,787 


3.08 
185.5 


Including 
water 


8.92 


11.00 


4.77 


Double-deck| Babcock & Wil 


Including 
water 
back. 


205,782 


20,578 


9.07 


cox, 


Including 
water 
back 

133,548 
133,281 
152,607| 155,529 
15,261; 15,558 


7.91 8.06 
10.08} 10.28 
221.5).... 
28.0 
442.38| 450.8 
375 375 


back. 
: 
115,023] 117,884 |202,451] 
a 
a 
“ 
“he 
88. 
40. 
“ ‘ 4 ay 
H.P. | 370.4; 378.0 | 581.0| 596. 
“ 875.0] 875.0 | 375 875 
4. 
4. 


SHEET No. 5. 
BaBCOCK AND WILCOx CHAIN-GRATE STOKER TRIALS MADE WITH 
BITUMINOUS COALs. 
By Jay M. Wuitsam, ConsuLTiInc ENGINEER. 
| WaRREN’s ParPER | DUQUESNE SrEEL 


TRIALS MADE AT |Mrius, CUMBERLAND Works, 
MILs, Mz. DuquEsnE, Pa. 


Number of boiler test sseveeee| Test 830. | Test 331.| Test. | Test 278, 


Duration OF kek 


Dimensions and Proportions. 
ock oc 


10 10 8 


Number in use.... 
. Diameter of boiler drum.. 
Length of boiler drum ... 
Width of grate 
. Number of tubes in boiler 
. Diameter of tubes 
. Length of tubes 
. Diameter of dome 
. Height of dome 
2. Total water-heating surface per boiler....} Sq. ft. 2,758 
. Grate surface per boiler 45.5 
. Air space in grate, per cent . i 21 
. Width of metal in bars. 7 
. Distance of grate i ead plate) to shell.... 
. Distance of flat bridge wall to shell....... 
. Tota] tube cross section. . 
. Ratio of water-heating surface to "grate 
surface 
. Ratio of tube cross section to om surface 
. Area of stack 
22. ht of stack above dead plate... 
tio of stack area to grate —: 
Fatio of stack area to tube area. 


CORD 


Average Pressures. 


. Atmospheric pressure per barometer (mer- 
cury column) 

. Steam pressure in boiler by gauge 

. Absolute steam pressure 

. Force of chimney draught, in inches of 


water 
284 Foree ‘of furnace draught, | in inches of 
water 


Average Temperature. 
29. Of external air... 


. Of escaping gases........ .... 


Fuel. 


. Total amount of coal consumed a" 

. Moistnre in coal ..| Per cent. 
. Dry coal consumed . Lbs. 

. Total ash and refuse “ 
Percentage of ash and refuse in dry coal.| Per cent. 
. Total combustible (dry weight of coal less 
refuse) Lbs. 


Results of Calorimetric Tests. 


. Percentage of moisture in steam, fraction 
of one per cent ..| Per cent. 


i. 588 EXPERIMENTS WITH AUTOMATIC MECHANICAL STOKERS, 
: 
Wileox, 
2-36 
84 84 
126 
18 
2,758 2,789 
60.6 61.8 
133 192 
25 
é Ins. 29.70 29.90 29.38 
ae 26 Lbs. 87 85 98 
= 
0.26 0.34 0.61 
76 69 32 
30. Of fire room... 84 79 36 
82. Of feed water . in 154.7 152.3 38 
365 388 538 
8,700 | 11,285 12,600 
3.63 3.38 4.00 
8,385 | 10,905 12.096 
775 1,058 1,229 
ye 9.24 9.70 - 10.16 
7,610| 9,847 10,867 
40 
0.167 0.172 0.550 
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TRIALS MADE AT......... MILLS, COMBERLAND Works, 
Mitts, Mz. Pa. 
Number of boiler test...............04- Test 330. | Test sa Test. | Test 278. -. 
Units. 
Water. 
41. Total weight of water pumped into boiler hal: Bi 
and apparently evaporated............. ‘Lbs. 81,750 | 109,490 106,188 ae 
42, Water actually evaporated, corrected for; 
43. Equivalent water evaporated into dry “A Sie 
steam from and at 212° 89,530 | 120,122 129,488 
44. Equivalent water evaporated into dry =? At 
steam from and at 212° F. perhour .... 8,953 12,012 16,186 
45. Total: heat pcrived from heat in British 
thermal units per pound of coal.... ..| B.T. U. 
46. British thermal units by analysis per TT 
48. Water actually evaporated per pound of 
dry coal from actual pressures and tem- 
49. Equivalent water evaporated per pound of fan: Aaa. 
dry coal from and at 212° F ............ 10.67 11.01 10.70 
50. Equivalent waterevaporated per pound of 
combustible from and at 212° F ........ 11.76 | 12.19 11.90 
Rate of Combustion. a 
51. Dry coal actually burned per square foot ‘ ; 
of grate surface per hour............... 18.4 23.9 83.2 
52. Combustible burned per hour per square 
. Combustible burned per hour per square 
foot of water-heating surface. ........ 4 
54. Water evaporated from and at 212° F. per L > 
hour per square foot of grate surface... 196.8 264.0 855.7 
55. Water evaporated from znd at 212° F. per 
hour per sq. ft. of water-heating surface = 3.25 4.36 5.80 ae a) eee. 
a 
Commercial Horse-power. é 
56. On the basis of 30 lbs. of water per hour wee Wik ‘hy 
evaporated from temperature of 100° F. 
into steam at 70 lbs. gauge pressure....| H. P. 259.5 848.2 : 468.8 ~ 
57. Horse. power, builders’ rating, square feet 
per horse-power 240 240 250 
58. Per cent. developed above rating..... ....| Per cent. 8.1 45.1 87 : Ba. 
59. Dry coal burned per hour per boiler horse- a 
power developed.....:....... Lbs. 8.28 3.13 8.22 
GENERAL REMARKS. 
Kind of coal used. Slack from........ { 
Percentage of lumps........... .. 
Percentage of small 
OF Per cent. 99 | 
... |S. by W. | N, by W. 
airs. | Breeze 4 
Thickness of fires in front ............... Ins. 5} | 54 
Speed of grate in feet per honr............... Ft. 11.87 13.75 a) 
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EXPERIMENTS WITH AUTOMATIC MECHANICAL STOKERS 


ee 8 Stoker engines use from one-fifth to two-fifths of one per 
cent of the steam generated. 

4. Fan blasts use from three to five per cent. of the steam gen- 
erated. 

5. Steam blasts use from five to eleven per cent. of the steam 
generated. 

6. A defect, common to each of the stokers named in this 
paper, is a too scanty air space in the grate. 

7. Neither stoker will develop.as much capacity as will hand 
firing with stationary grates, having the same draught and coal 
conditions. Stokers, however, are not only more constant in 
the power developed, than is a hand-fired grate, but are more 
responsive to fluctuations in the power demands. The stoker is 
always in the condition that a hand-worked fire is in just after 
its cleaning—.c., always clean and “ ready for a pull.” 


DISCUSSION. 


Mr. William H. Bryan.—This paper is an able and valuable 
contribution to the literature of boiler applianees. 

I violate no confidence in stating that mechanical stokers 
have, as a rule, failed utterly when using the low-grade coals 
common in this part of the country (St. Louis). Hundreds of 
the most expensive types have been applied in this city, and less 
than a dozen remain in use to-day. Stokers of national reputa- 
tion, and of established merit with good fuels, have proved them- 
selves unfit for use with our common coals, and I believe it 
would be a matter of some difficulty to give away a stoker of 
even the best makes in this city to-day. The greatest difficulties 
have come from the large percentages of ash, clinker, and sulphur 
in the coal, which form incombustible matter very difficult to 
handle. Furthermore, they have not responded readily to 
sudden and extreme changes of load, and do not seem capable 
of being overworked to any great extent. Not only the first 
cost, but the cost of maintenance and repairs, has in most 
cases been enormous. Furthermore, the claimed improve- 
ments in fuel efficiency, and reduction of the smoke, have not 
always been realized. Good hand firing has nearly always 
shown better results. Perhaps when the Western steam user 
gets out of the idea that it is good engineering to work a boiler 
100 per cent. above its rating regularly and without notice, the 
mechanical stoker may have a better show. rie pega 
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_ Personally, I had great hopes of securing excellent results 
from stokers, and made numerous experiments with them ti) 
myself, but have been sadly disappointed. I trust, however, _ 
that engineers working in that field will not lose hope, but will ee 
continue their efforts. I for one would hail with rejoicing the. — 
advent of a mechanical stoker which would meet the difficult 
conditions surrounding boiler practice in this part of the — 
country. 

Mr. William Kent.—I would like to ask Mr. Bryan if the 
conditions are much worse here than in Chicago. reas 

Mr. Bryan.—I think our coals run lower. We have very _ 
few of the high grades coming here at all. 

Mr. Kent.—They are using stokers in Chicago. 

Mr, A, A. Cary.—I notice the author calls his paper “ Ex- 
periments with Automatic Mechanical Stokers.” Those who are | 
acquainted with stokers of these types can judge whether the term _ 
“automatic ” is justified or not. The real automatic stoker,in 
my opinion, would be one similar to the type which I had the 
chance to erect this spring in New York city at the Electrical — 
Exposition. I placed two Root boilers aggregating 500 horse- 
power in capacity, and under them the Wilkiuson stoker with 
the coal fed from overhead hoppers by meaus of a Hunt cou- 
veyor from the bins. To make the combined plant still more _ 
automatic, the speed of the engine driving the mechanism of the 
stoker was controlled by a damper regulator attaghment so that 
when the pressure in the boiler fell the engine would run faster _ 
and feed more coal. The steam jets of the stoker were similarly 
controlled so that with falling steam pressure the jets opened © 
wider, thus hastening the fire. The ordinary damper regulator oe 
attachment operated the usual flue damper. Ey 

There is another stoker which the author does not mention _ 
which ought to overcome some of the objections raised against as 
stokers in this part of the country. I described it at the — 
meeting of the Society in New York in discussion of Mr. Emery’ es: 
paper, and there is another operating upon somewhat similar 
principles which is built in Chicago. The principle of the ey 
American and the Jones stokers—which are both underfed stokers 
—is somewhat that of a gas producer. The fresh coal from the — ; 
hopper is forced by the feeding mechanism upwards from below 
underneath the layer of incandescent coke which forms the 
top. . The gases distilled off rise through the incandescent coke — ae 
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and are heated and burned, and the speed of feeding is so regn- 
lated that when any fuel particle reaches the top surface it has 
been completely consumed and only clinker and ash remain, . 
The feeding is done from the middle, so that the fresh ccal is 


: .continually causing the clinker to roll down from the burning 


mound to the sides, and doors at convenient places permit this 
clinker and ash to be removed. There has been some trouble 
with some of these stokers in handling the clinker, but with a 
little care in selection, or, better still, in mixing a fusing or a 
badly clinkering coal with some other, good results can be 
generally obtained. Variable loads can be well cared for in the 
American stoker, since the screw which feeds the coal to the 
stoker can have its speed so varied that it will feed from 25 
up to 1,000 pounds per hour. This variation in feed can be 
made automatic by the damper-regulating principle so as to 
vary the speed as the pressure varies, which will meet the 
objection against the action of stokers when the load varies. 

Mr. George I. Rockwood.—I have had a little experience with 
stokers of the class referred to by Mr. Cary. In my experience 
it would not work unless all the conditions were ideal and the 
manager was willing to pay to see it work. It would burn out 
rapidly ; the coal would not run down on the sides, and the 
beautiful picture of combustion with an underfed stoker was not 
realized. I do not doubt that with Eastern coals and under 
perfect conditions, and in the hands of an artist who knows how 
to use it, it can be made a continuous success. In New England 
we have become pretty well satisfied that there is no money to be 
saved in the direction of economy as such from using stokers. 
After many years of expensive experience we have found that an 
Trishman with a wheelbarrow and a scoop make the best combi- 
nation stoker. 

Before I close, however, I wish to compliment the paper. 
Its form and its impartiality are rare and splendid and make it 
admirable. I have no doubt that there are some stokers in use 
which are valuable adjuncts in large plants with poor grades of 
coal—perhaps, however, not so poor as the ordinary a in 
this part of the country. 
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MOISTURE IN COAL. 


toh BY R. 8. HALE, BOSTON, MASSACHUSETTS. 


(Junior Member of the Society.) alk 
- Tux work of the following paper was done for the Steam Users’ as 
_ Association of Boston, organized by Mr. Edward Atkinson,of ~~ 
which Mr. Geo. Atkinson is secretary, and Prof. Peter Schwamb es 
director. From its nature its only use will be in aiding the ~ oe ‘4 
standardizing of boiler tests by all engineers, and I therefore, 
after consultation with one of the Society’s Committee on Boiler ig 
Tests, and with the permission of the above gentlemen, take _ a eS 
pleasure in offering it to the Society. Pal: 

In a partial review of the literature of the subject, the follow- 
ing statements of methods have been found : 

(1) 1886 Boiler Test Committee, American Society Meshantiil 
Engineers : “The coal must be dry; or if wet,a sample must be © f: 
dried carefully and a determination of the amount of moisture in ree 
the coal made, and the calculation of the results of the test cor-— 
rected accordingly.” 

(2) G. H. Barrus, Boiler Tests, p. 14: “ When the coal is fa rae : 
asample is selected and dried 24 hours, and the quantity of S ; 
moisture determined by a comparison of the wet and dry ee 
weights.” 

(3) F. Fischer, Chem. Tech. v. d. Brennstoffe, p. 107, gives as a 
common rule, “one to five grammes are dried a 100 to 110 de- — 
grees C. until two successive weighings give the same result. 
This is also quoted from Kerl, Probirbuch, p. 131, and Stein, Une 
tersuchung der Steinkohle Sachsens, p. 14. 

(4) (5) Fischer also quotes Schondorf, who dries at 90 degrees _ 

C., and Richardson, who dries at 100 degrees C. 
(6) Hinrichs, quoted by Fischer, and also in American Journal 


* Presented at the St. Louis meeting (May, 1896) of the American Society ee: 
Mechanical Engineers, and forming part of Volume XVII. of the Transactions. 
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of Chemistry, 1868, dries one to two grammes, after pulverizing, 
one hour at 115 degrees C. 
Fischer also quotes Regnault (Ann. de Min., iii., 12, 161), 
who asserts that moisture determinations at 100 degrees are in- 
_ exact if the coal contains any clay, since the latter gives up its 
_ water at a red heat only. 
(7) Richters (Dingl., 1870, 195, 320), quoted by Fischer, puts 
fine pulverized coal first under a bell near a cup with water, 
Jets it stand at 15 degrees, and then dries it at 100 degrees. 
Fischer gives some experiments showing these methods to be 
inexact. Also others showing that in three hours coal heated 
to between 100 and 110 degrees lost 0.125 per cent. CO, and 
0.07 per cent. CH. 

(8) Fischer then gives as his rule: “ Heat two to four grammes 
between two watch glasses, or in a receptacle with well-fitting 
cover, two hours at 100 to 110 degrées C. in an air bath.” 

(9) F. W. Dean and Dexter Bracket, “Test of Louisville 
Pumping Engine”: ‘Samples of the coal were taken daily and 
the amount of moisture determined by drying on top of the 
boiler flue.” The results were: 

Pocahontas coal, three samples, 2.25 per cent., 2.8 per cent., 
and 2.74 per cent. Chemist’s report, 1. 8 per cent. 

Pittsburg coal, 0.6 per cent., 0.7 per cent., and 0.8 per cent. 
Chemist’s report, 0.73 per cent. Mr. Dean recommends six 
hours only. (Trans. A. 8. M. E., xvi., p. 963.) 

(10) R. C. Carpenter, Experimental Engineering, p. 458: “ Put 
100 pounds of coal in a box and dry in a hot place twenty- 
four hours.” 

(11) Private letter from an engineer of reputation: “ Dry 100 
pounds of coal in galvanized iron pan, in warm, dry room, with 
air circulation, a sufficient length of time to ensure its being 
perfectly dry.” 

(12) From another engineer: “Dry at 80 degrees a time, ac- 
cording to size and moisture in sample.” 

(13) From another engineer: “Dry 25 to 100 pounds eight to 
ten hours at 200 degrees to 250 degrees Fahr., time also according 
to moisture.” 

(14) From another engineer: “Dry in a current of hot air at 
150 degrees Fahr. for six hours.” Is also satisfied with drying 
twelve hours at 110 degrees Fahr. over a boiler. 

The following also include the proximate analysis of coal. Mr. 
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Kent has shown that the heating power follows the proximate 
analysis very closely. The different methods here given as 
authoritative suggest that perhaps the three per cent. difference 
found by Mr. Kent may be due to incorrect methods of analysis 
and not to failure to follow his law. Hinrichs’s paper on the 
proximate analysis, published in 1868, should be referred to by 
any one who wishes to follow up the subject. One of his results 
may be quoted, that “if coal be dried and then proximately _ 
analyzed, the sum of the moisture and volatile matter is some © 
two or three per cent. less than if they are both driven off at 
once.” He found that if the same method was always used, re- 
sults could be repeated to one-tenth per cent., but that different 
methods differed fifteen per cent. on the same sample. The | 
temperature, time, amount of sample, etc., etc., are all important _ 
in getting the same results from similar samples. 
(15) Blair, Chemical Analyses of Iron, 1891, p. 274: Moisture— _ 
Dry one to two grammes one hour at from 105 to 110 degrees C. | 
Volatile Matter.—Weigh one to two grammes undried powdered 
coal into platinum crucible; heat, with cover on, three and 
one-ha:f minutes with Bunsen burner, then, without cooling, — 
three and one-half minutes with blast lamp. Loss is sum ~ 
of moisture and volatile matter. Fixed Carbon—Completely 
burn above ; difference is fixed carbon and residue isash (earthy __ 
matter). 
(16) Arnold, Steel Works Analyses, 1895, p. 295: Moisture— — 
Dry two grammes about one hour at a temperature slightly over cena 
100 degrees C. Coke.—Put twenty-five grammes powdered coal _ 
in clay crucible ; heat in muffle until no gas appears from be- = 
neath cover of crucible. Ash.—Two grammes in platinum ee 
crucible are completely incinerated. 
(17) M. Troilius, Notes on Chemistry of Iron, 1886: Moisture.— ast 
Two grammes of powdered coal are dried one hour at 120 
degrees C. Volatile Matter.—Heat this same coal over Bunsen 
burner till no flames are given off. .4sh.—Completely incinerate — a 
residue of above. eee 
(18) N. W. Lord, Notes on Metallurgical Analyses, 1893 : at, 24 
Moisture.—Dry one gramme one hour at 105 degrees C. in plati- _ 
num crucible. Volatile Matter—Same as Blair, except that the __ 
dried coal is used. Sh 
(19) F. A. Cairns, Quantitative Analysis, 1880: Moisture.— a ‘= 
Dry two grammes pulverized at 115 degrees for thirty minutes; _ see 
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cool and weigh. Repeat on same sample, drying fifteen minutes 
at a time until oxidation sets in. Lowest figure gives moisture, 
Volatile Matter.—Heat same coal three and one-half minutes 
over Bunsen burner and three and one-half minutes over blast. 
Ash and Fixed Carbon.—Completely incinerate above. 

(20) W. Crookes, Select Methods of Chemical Analysis, 1894, p. 
581: Dry for one hour at 115 degrees in open air, thermome- 
ter being just above watch glass [probably uses one to two 
grammes, but amount is not stated]. Says that fragments are 
much slower than pulverized coal, and also erroneous. Says 
that coal loses weight for one hour and then gains. Says that 
it is easiest to repeat results on the same sample by drying one 
hour, after that less accurate up to three hours, when the accu- 
racy begins to increase again. [Accuracy here refers not to 
absolute accuracy of method, but to ability to repeat results on 
similar samples.| Crookes says he found oxidation after one 
hour in lowa and in Silesia coals, but not in brown coal from 
Bohemia or in anthracite. He thinks it due to the bitumen. 

From this collection of methods and authorities the following 
results were not thought necessary to be corroborated : 

First, that coal when pulverized would, if exposed to a tem- 
perature of a little over 100 degrees C., lose weight for approxi- 
mately one hour and then gain weight ; that fragments of coal 
would act somewhat differently from pulverized coal ; that this 
loss of weight is not all moisture, but that some passes off 
in the form of CO,, CH,, etc., and that all of the moisture does 
not pass off, but that some may be retained even up to a red 
heat. 

To make some investigations into this subject an oven was 
constructed similar to, but not so good as, that described in Mr. 
K. B. Coxe’s address before this Society in 1894, the difference 
being that the asbestos was brought close to the muffle, of which 
only the under part was heated. The samples rested on an 
asbestos shelf inside the muffle. The temperature was by no 
means constant at all points, and was a little hard to keep 
steady. The coal used was soft semi-bituminous, very fine. 
The sample was first placed in a watch glass, about one gramme 
being used. It was found that the coal took up or gave off 
weight so quickly when exposed to the air of the laboratory 
that this was not advisable, though by quick weighing it might 
have — been done. The following example shows this: 
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H. M. Weight in Grammes. 
Tare, 4.1058 


117 Placed in oven at about 100 degrees C. 

07 5.0743 And replaced in desiccator. 

5.0745 And replaced in desiccator. 

.. = oe Left to stand in balance box with door closed, 

8°07 5.0750 
: stat’ and two beakers of re acid in box. 
5.0755 


The net weight of the coal was 0.9816 greenmes, and the gain 
between two hours thirty-three minutes, and three hours thirty- 
nine minutes, was over one-fourth of one per cent., although in 
certainly a moderately dry atmosphere. It was then placed in a 
the oven again until four hours twenty minutes. 

Glass No.1—Continued. = 


H. M. Weight in Grammes. 

3 39 Placed in oven at about 100 degrees ©. 

4 20 Taken out and placed in desiccator. 

0745 Replaced in desiccator and left until the 
9 


A? next morning. 
5.0750 


This shows that the gain was probably due to exposure to the . 
air while transferring from the desiccator to the balance, and 
that the balance box was probably not air tight. | 
If another watch glass had been ground to fit the first and 
make an air-tight joint, the gain of weight could probably have 
been avoided. Without a ground joint the protection was not — 
sufficient, as the following shows : 


Aa 
Glasses 11, 15, and Clip holding them together. toe unites 
H. M. WeightinGrammes, 
ith coal, 18.12 


18.1282 
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They were then left in the laboratory until the next morning, 


Here the coal, though starting in a moderately dry condition 
(less than two per cent.) lost seven-tenths of one per cent. The 
joint between the two glasses was not perfect, as could be seen 
on inspection. 

Instead of having some glasses ground, it was found more 
convenient to use weighing bottles with ground-glass stoppers. 


H. MM. Weight in Grammes. 


: This shows that even with ground glass there is danger of 
- gome leak, but that it was quite slight. less than one-tenth of 
one per cent. in twelve hours. 

Two experiments were itn made with the oven at about 
220 degrees C. 

Four samples of the same coal, put in the oven together and 
taken out at various intervals, showed the following result (be- 


tween one and two grammes of coal were used in each) : ih 


18’ sample lost 1.50 per cent. 
46’ ce .86 


' » All of original weight in whole time heated. 


This shows, if the samples were the same ‘tei the coal had 
been so thoroughly mixed that there was but little chance that 
they were not), first a loss, then a gain, then a loss. 

This was tried again, the only difference in the coal being 
that the second lot had been kept in a separate and not so 
tightly covered receptacle for about a week, and was then heated 
to 230 degrees C. in the oven: 
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84’ sample lost .07 per cent. eal Pal 


All of original weight in whole time heated. 


328° lost .73 


The difference in time may be due to the coal orto the tem- 
perature being not quite the same. The alternate gain and loss ae Bote 
is easily explainable as follows: First, moisture (H,O) is iin 4 
off. Then the hydrogen and carbon oxidize to H,O and CO,, 
and the weight increases. Then the combined H, 0 and CO, oe, # 
thus formed are driven off, and the weight decreases. Probably 
both actions are going on simultaneously. 
These experiments are at 220 degrees C., but Fischer’s exper- ae 
iments, quoted above, show that the action may probably occur | 
at 100 degrees, though perhaps not quite so rapidly. It would 
probably, like rot in wood, be promoted most by alternations of | ber Saat 
heat and cold, of moist air and dry air. nit 
Another lot of soft coal, quite moist, was then taken, the i 
larger lumps were removed, and the remainder was ae 
mixed. Six bottles were filled as follows: Two with aboutten 
grammes each, say two centimeters deep ; two with about twenty-_ 
four grammes, say four centimeters deep ; two with about forty- 
five grammes, say eight centimeters deep. The bottles were about 
nine centimeters tall and two to three centimeters in diameter. ¥ 
One bottle of each depth was placed on top of a battery of _ 
two boilers at about 5.30 p.m., after weighing The other three 
were allowed to stand in the laboratory over night and = ; 
over the boilers at 9 a.m. the next morning. At 4.30 pm. all 
six were removed for weighing. While on the boilers they vo 
protected from dust particles. The results were : , ists 


Thin coal in seven and one-half hours lost .......... 6.41 per cent. 
“twenty-three hours lost............ 5.7%.“ 
Medium-depth coal in seven and one-half hours lost.. 5.9 
a Full depth coal in seven and one-half hours lost..... —_. —— om 


The two full- depth samples were then dried an hour at about 
100 degrees C. in the oven, with the result: 


Seven and one-half hours sample, total loss.......... 5.8 per cent, 
Twenty-three hours sample, total loss............... 64 “ 
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The temperature over the boilers, as shown by a thermometer 
suspended directly adjoining the coals, was 43 degrees to 45 
degrees C. 

The pail from which the above were taken, containing about 
733 grammes, and some ten to twelve centimeters deep, was 
dried over the boiler for twenty-three and one-half hours. Re- 
sult, loss five and three-tenths per cent. 

The apparent gain of weight in the thin sample after seven 
and one-half hours indicates the strong probability that oxida- 
tion takes place even at such temperature as is found over 
boilers. The deep samples show that this temperature is not 
enough to dry coal in eight or even twenty-four hours unless 
good chance is given for air to reach all parts of the coal. In 
my own practice I once kept a sample less than four inches 
deep over a boiler a full week before it ceased to lose weight. 

To see whether one hour was sufficient to dry a very wet coal 

ae in a very small sample, a lump of soft coal was broken up and 

partly screened. Three samples were taken, one consisting of 

one lump, the second of fine coal to which, after weighing, a 

portion of water was added; the third was also fine. These 

were all dried for one hour at about 100 degrees C., with the 
following result : 


Lump coal, initial weight 

Percentage of loss.............. 

Fine coal, not wetted, initial weight ....... 1.7243 

Percentage of loss 

Fine coal, initial weight............. eee 

Percentage of water added 

Lost below original 
Percentage of loss 


Here, although twelve and one-half per cent. more of water 
had to be evaporated, the difference was only four hundredths 
of one per cent. in the final result of the two fine coals, while 
the lump only lost about two-thirds as much as the fine. 

Another lump of coal was taken from a wet lot of soft coal 
and broken into smaller lumps. One of these smaller lumps 
was broken in two; one half was ground in a mortar, and the 
other left as a lump, making two samples. Two more samples 
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from the original lot, which had been kept with the lumps in a — 

corked bottle for about two weeks. On account of the closing 
of the laboratory, it was found necessary to dry these in two — 
times of one-half hour each. | 


No. of “ : Lost first |Lost second| Total 
Bottle. Coal. Weight of coal.! hour. | half hour, | loss. 


Per cent. Per cent. |Per cent. - oh 


se 2.3800 3.93 30 4.23 

5 | Corresponding Tump.. 938.2881 2.90 .80 
7 OS 2.4607 3.52 3.75 
6 | (Corresponding lumps ...... 4.9686 1.55 .30 1.85 


Here we see that lump coal takes on and gives up weight far 
more slowly than the fine coal, and very irregularly. The naan. 
of 6 had as good a chance to take on and give up moisture — 
either 4, 5, or 7. aes a 

Some of the conclusions that may be drawn from the above 
are as follows: 

First. That if we use a large sample we must dry it a long 
time to dry the interior, and before the interior is dried the $ 
terior will begin to oxidize. ee 

Second. If we allow lumps to remain in the sample, the Jumps K 
will not have lost their moisture when the fine coal has begun — 
to oxidize. baie 


tain loss. It has not been thought necessary to experiment on | 
this. 
Fourth. If moisture corrections are to be allowed, a standard 
method should be adopted, giving the method of selecting the 
sample, the method of crushing the lumps in it, the size screen oe 
it must finally pass through, the precautions to be taken if any © 
time elapses between its selection and the moisture determina- 
tion, the size of the sample on which the.determination is ave % = 
made, the method, temperature one time of drying. 


follows: Coal, exclusive of the ash, consists chiefly of CH, a 
 O,with a little Nand S. Some of the Cexists as C. The rest 
of the coal consists of various combinations of C with H, of H 

with O (this as H,O), and of combinations of C, H, and O. 
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Ot the latter probably some are true chemical combinations, the 
others are combinations of various hydro-carbons with a certain 
number of molecules of water, in the same way that water of 
crystallization enters into various salts. These water molecules, 
in combination with the hydro-carbons, may pass off in dry air 
at a low temperature, or at’ 100 degrees C., or they may refuse 
to pass off at 200 degrees, or even 400 degrees C., just as the 
water in clay will not all pass off except at ared heat. These 
combinations are also probably very unstable, so that a reaction 
which does not take place at once may begin a little latter and 
then proceed or stop. Thus, when coal is heated, first the true 
H,O and some of the combined H,O may pass off, and at the 
same time some of the hydro-carbons take up O from the air and 
change into other combinations with combined H,O as a part. 
Then this combined H,O passes off, while more hydro-carbons 
are taking up more O, from the air. The exact gain or loss of 
weight in a given time would depend on which of these three 
sets of reactions had gone on farthest. 

Some action certainly occurs even at ordinary temperatures, 
as is shown by the spontaneous combustion of coal. It is prob- 
able that for each temperature and degree of humidity of the 
air each coal tends towards some definite percentage of moisture, 
but that this percentage is continuously varying according to 
the previous history and treatment of the coal. A sample once 
heated to 100 degrees C. will never afterwards act just the same 
as a sample not so heated. I hope, before long, to make some 
investigations on coal dried in a nitrogen atmosphere. = 

DISCUSSION. 

Mr, William H. Bryan.—I am sure that we all feel indebted to 
Mr. Hale for the investigation which he has made of this subject. 
I have more than once expressed my disapproval of the common 
method of drying a sample of the coal on top of the boiler flue, 
and thus determining its percentage of moisture, and making a cor- 
responding reduction in-the coal actually burned. It seems to me 
that we want to base all results on the coal as it actually comes 
from the mines. Such moisture as then exists in it is characteris 
tic of the coal, and should be charged against it. Moisture which 
may have been added by rain, snow, or by wetting-down during 
unloading, should, so far as possible, be eliminated entirely. 
Wherever possible, I have the entire lot of coal to be burned 
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dried in the open air for at least hours before 
“test, which usually eliminates all the accidental or mechanical 
water. I then burn the coal in this condition without any core 
- rection whatever for moisture, as I see no reason why the ba 
is entitled to any allowance on this score. ; 
If only a small sample is dried, how can we be sure itis a char- 
- acteristic sample? And how shall we make the correction prop- _ = ae 
erly? Shall we only deduct its weight from the coal charged? 2 tee 
_ Shall we also deduct the heat required to evaporate it? Even - 
then, have we measured its harmful effect fully ? a , 
2 Prof. J. H. Kinealy.—It seems to me that if we are to deter- _ 
mine the moisture of the coal it ought to be done in the labora- 
tory. It ought not be done in the boiler-room at all. It is a 
_ chemical question. We should determine all the impurities of 
_ the coal in the laboratory, not in the boiler-room; and the man 
_ who does the work should be a man skilled in that kind of work, | 
- and it is better to have a chemist to do it. 

Mr. William Kent.—I did the very thing that Professor Kin- 
-ealy recommends. I sent it to a laboratory and got two different 
results from two different laboratories from the identical sample 

of coal. 

In regard to what Mr. Bryan said about drying the coal, I think 
it would be very good if we could always do that. I once had to 
make a test, lasting a whole week, in a cellar, and running three 

or four hundred horse-power night and day, and the coal was 
received mixed with water and snow and ice, and it was impracti- 
cable to dry it at all; It was dripping coal, and we had to dry 
samples of it on the flue and got about 7 per cent. of moisture. 
Mr. Hale’s paper certainly shows that all determinations of 
moisture are liable to error. I have thought of a plan for .deter- 
mining moisture in coal that I would like to submit to the Society 
and ask if any one knows about such a method. Geta galvanized 
ash or garbage can which will hold about 50 pounds. Puta flange 
on the outside. Set it inside of another ash can a trifle larger, 
and connect a steam pipe to one side and put a little drip pipe at 

_ the bottom. Felt the whole apparatus so as to keep it hot. Put 
in the middle, say, .a tin pipe 4 or 5 inches in diameter, with 
alot of holes dented in it, so that the moisture coming from any 
_ part of the coal has only to go into this pipe to get out ; and with 
_ this layer of coal only 4 or 5 inches thick. The problem is, how 
long will it take for that coal to get heated up to 212 degrees, so 
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that its moisture will evaporate? The advantage is, we can take 
this out and weigh it every half hour or so. I think in testing a 
series of coals this will give us relative results; and if it has a 
constant error we may determine that later by the chemist’s work, 
and be able to correct our results accordingly. I would like to 
know if any one has seen the use of such an apparatus, and if 
they have any opinion of how it would work. 

Mr. Gustavus C. Henning.—I have an opinion on that. We 
have just heard that these Western coals have a good deal of vola- 
tile gas. If the steam heats the coal to 212 degrees, we might 
lose the volatile part of that coal. If I were to make an amend- ' 
ment to that apparatus I would simply do this—use it practically 
as it is and have a little chamber with some calcium in it ; pass air 
over it and through the coal at ordinary temperatures—the freez- 
ing point, if you like. Passing the air over calcium will absorb 
‘the moisture, and thereby the coal will not be heated, and there 
will be much less chance of oxidation, which, as some say, does 
occur in passing warm air through bituminous coals. Most hard 
coals would not be affected. But I think heating by steam is not 
the best thing to da for great quantities of coals used, especially 
those mined in the Alleghanies and west of them. Inasmuch as 
the drying power of dry air is much greater than that of air 
heated by steam without removing moisture, better and quicker 
results will be obtained. I do not see why this method should not 
be used. It is very simple. We can in almost all cases get a 
little air pressure or suction, to drive or draw air through the 
sample of coal, and calcium is readily obtainable and inexpensive ; 
this will readily absorb the slight moisture which is in the air, and 
‘can be used over and over again. 

Mr: H. H. Suplee—Mr. Henning has brought up one point 
which I think bears at once on the open-air method of drying 
spoken of. I have had no experience in drying coal, but I have 
had experience in drying other materials, and I have found it is 
necessary to consider the humidity of the atmosphere ; under 
some circumstances the material will scarcely dry at all, and 
under others very readily. The time element depends on the 
humidity of the atmosphere, and also the method in which it is 
exposed. I think in the apparatus which Mr. Kent proposes, that 
even with a central tube there would be such a difference in tem- 
perature that the drying would be unequal, and the outer portions 
would begin to gain before the inner portions began to lose. I 
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certainly think Mr. Henning has struck the right 
dry air, absolutely dry, and the moisture taken up by the 7 ; 
afterwards measured. It is a laboratory experiment ona large 

‘scale, but certainly a practical one. There are plenty of good 

forms of drying apparatus for other mechanical purposes, which — +e 
might just as well be applied to coal as anything else. 

Mr. A. A. Cary.—I am inclined to agree with Professor Kin- | 
-ealy, that it is not the simplest thing to expel the moisture from ; 
coal. I learned recently that the method pursued at Sibley Col- | 

lege, under Professor Carpenter’s direction, for drying coal, is to 
_ put their sample in a vessel or flask with a neck or opening. The — 
_ drying in this vessel is continued until a slight showing of ignition 
_ appears where the gas given off from the coal, escaping at the nec a es : 
meets a small flame whose direction is across the mouth of the 
flask. This indicates that the beginning of distillation has in wigs 
reached and volatile matter is escaping. The sample of coal is ae 
then weighed and the loss is called the moisture. If coal is heated _ om 
to 212 degrees, it will not be long before the volatile gases begin — ee 
to be driven off. rae 
Mr. Carleton W. Nason.—Although I believe that the testing 
_ of coals should almost invariably be referred to the chemist and 
laboratory, there are times when the determination of water alone 
is desirable, and this can, in my opinion, be done in the boiler- 
room with considerable accuracy and with a comparatively sim- 
ple and inexpensive apparatus. 
_ In a conversation with Mr. Kent yesterday, I suggented to him 
that instead of taking the difference between the weights of coal 
before and after drying as a means of hygrometric analysis, by 
the method with iron cylinder and central vent tube just shown 
by him, it would be better to collect the water driven off by heat 
and weigh it. 
For this purpose I propose to use a steam-jacketed cylinder 
containing, in order to obtain a fair average of the coal pile, not 
less than 50 pounds of fuel. Its top is to be closed with.a bolted 
cover, into which is to be connected a half-inch pipe through 
which all vapors and steam will pass into a worm, the latter being 
surrounded by iced water ina pail. Steam at any desired pres- 
sure from the boiler is to be admitted to the. jacketed cylinder, 
by which the temperature of the whole mass is to be raised 
to a point considerably above 212 degrees. After vapor 
to be discharged, the water is to be — and its 
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compared with that of the coal, both before and after it has 
dried. 
_ While it is evident that much volatile hydrocarbon vapor will 
_ pass over with the steam, its escape in no way interferes with the 
water determination, for all steam will necessarily be condensed ; 
it is, on the contrary, an advantage, for the difference in weight 
of coal after drying and that of the water collected will give an 
approximate weight of free hydrocarbon vapor contained in the 
sample. 
- Such an apparatus would have a distinct advantage over the 
-eruder boiler-room methods hitherto used, where coal has been 
dried in the open air and only differences in its weight before and 
after drying taken, for the reason that a wide range in time and 
temperature is probably permissible without affecting the weight 
_of wafer collected ; while by long exposure to heat and high tem- 
- perature the coal under examination would doubtless continue to 
lose weight, only the water given out would be condensed, and I 
believe by this method water analysis of duplicate samples can 
be repeated with but little variation in results. 
Mr. Kent.—I neglected to state that an addition to that 
apparatus was a hood over the top and the pipe carrying the 
- moisture into a cooling chamber, as Mr. Nason has suggested. 
_ My idea was to put it in a flask surrounded by water. The worm 
is a still better idea, of course. 
Mr. R. S. Hale.*—Mr. Bryan’s method j is, I take it, to get rid, 
as far as possible, of any abnormal amount of moisture before 
_ weighing the coal for the test. Of course, he recognizes that air- 
dried coal is not in exactly the same condition as when it came 
‘from the mine, but when testing two coals his method seems 
- better than drying at a higher temperature and making a correc- 
tion. When the object is to test the boiler, it is proper to correct 
- for that part of the volatile constituents of the coal that we call 
“ moisture ” which has no heat value, just as it is proper to cor- 
rect fora brick that some boy may have thrown into the coal 
cart or for the pieces of slate the miner has omitted to pick out 
when he mined the coal. But even in a boiler test as distin- 
guished from a coal test it would seem advisable to air-dry the 
coal as Mr. Bryan suggests before making the other corrections. 
Mr. Kent’s and Mr. Cary’s suggestions do not meet the diffi- 
culty that some of the water driven off at even ordinary tempera- 
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ures, 80 degrees or 100 degrees Fahr., was very likelyin chemical _ s 
combination with the coal. In coal we always find some oxygen 
some hydrogen even in the dryest coal, and if we heat the __ 
coal to a certain point we get some of this driven off as water, and ete 
if we heat it hotter still more comes off. It seems to the writer 7 
that Mr. Henning has struck the right idea, if we are going “ae 
make an.absolute determination of the moisture, in keeping the _ a 
coal at its normal temperature throughout. But the absolute — bev 
- determination is, perhaps, not necessary for technical work. a 
may not know the absolute strength of a piece of iron; we only 
_ know that if we test it in a government test piece we get a figure _ . 
so many pounds per square inch, and quite a different figure 
a standard test piece. Will not one of these methods of dry- 
ing at 100 degrees C. or 212 degrees Fahr. give us results that 
will be of more practical value in boiler and coal testing than 
even the absolute determination? The essential point seems to 
the writer that we should all use the same method ; then, even if 
the results are not the absolute moisture, they will at least “sl 
comparative. Hinrichs found when proximately analyzing 
that he could repeat results for the volatile matter to +, per cent. _ 
_ifhe used the same method, but got a variation of 15 per cent. — Le 
with different methods, and the same thing holds true of he 
moisture determinations. Possibly two alternate methods might 
be recommended. One a method which could be employed by any 
engineer with a set of ordinary scales. For the other we should © 
consult the chemists or even leave the method entirely to them, 
but we should feel sure that even the chemists used a are 
method for our determinations instead of making their individual — 
_ choice out of all the methods which have ever been proposed. 
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BY R. ©. CARPENTER, ITHAOA, N. Y. 


(Member of the Society.) 


Tue calorimeter described in the following paper has been in 
use in the laboratories of Sibley College in the form described 
for about one year, although an instrument somewhat similar in 

construction had been previously used 
for several years. 

The instrument may be described as 
follows: It consists of two vessels, one 
being interior to the other; the outer 
vessel surrounds the interior one so as 
to leave a space which answers for a 
steam jacket. The interior vessel is 
provided with a water-gauge glass 10 
and a graduated scale 12. The sample 
of steam whose quality is to be deter- 
mined is supplied through the pipe 6 
into the upper portion of the interior 
vessel. The water in the steam is thrown 
downward into the cup 14, together with 
more or less of the steam; the course of 
the steam and water is then changed 
through an angle of nearly 180 degrees, 

Fie. 180. which causes the greater weight of water 

to be thrown outward through the 

meshes in the cup into the space 3 below in the inner chamber. 
The cup serves to prevent the current of steam from taking up 
any moisture which has already been thrown out by the force 
of inertia. The meshes or fins project upward into the inside 
of the cup, so that any water intercepted will drip into the 
chamber 3. The steam then passes upward, and enters the top 


* Presented at the St. Louis meeting (May, 1896) of the American Society of 
Mechanical Engineers, and forming part of Volume XVII. of the Transactions. 
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of the outside chamber. It is discharged from the outside 
chamber through an orifice 8 of known area in the bottom part, 

which is much smaller than any section of the passages through “ 
the calorimeter, so that the steam in the outer chamber suffers = 
no sensible reduction in pressure by passing through the calo- 
rimeter. The pressure in the outer chamber, being the same > 
as in the interior, has the same temperature, and consequently _ 
no loss by radiation can take place from the interior chamber 
except that which takes place from the exposed surface of the | 
gauge glass. The pressure in the outer chamber, and also the 
flow of steam in a given time, is shown by suitably engraved 
scales on the attached gauge. The scale for showing the flow 


and gives the weight which is discharged in ten minutes of time. 

By what is commonly known as Napier’s law, the flow of 

steam through an orifice from a higher to a lower pressure is 
proportional to the absolute steam pressure, until the pressure ~ 

against which the flow takes place equals or exceeds .6 of that 

in the vessel under pressure. The accuracy of this law has 

been discussed in a paper by Professor Peabody, vol. xi., p. 187, 

_ Transactions, and it has also been tested by experiments in 

_ Sibley College. The experiments in both cases indicate its sub- 

stantial accuracy. The reading of the pressure gauge is pro- 


readings, and, furthermore, there will be a slight correction due 
_to change in barometer reading. This latter correction is, how- 
ever, exceedingly small, and will never make any sensible error 
- _in results. Thus a change in barometer of one inch would in- 
crease or diminish results by only one 230th part when the 
steam pressure is 100 pounds. This would seldom exceed one 
one-hundredth of one per cent. The values of the calibrations 
on the gauge can readily be verified by condensing the discharge 
steam for a given period of time. 
The graduations of the scale 12 attached to the inner vessel 
_ show, when the index is set properly, the weight of water in 
- pounds and hundredths which has been separated from the 
steam. This scale is graduated by actual calibration with water 
at a temperature of 100 degrees, and corrected for a coefficient of 
‘expansion so as to be as nearly as possible correct for water at 
_ a temperature corresponding to a steam pressure of 100 pounds. 
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This correction is, however, a v.ry small amount and of no 
practical importance, as it would seldom affect the results by 
even one one-hundredth of one per cent. The percentage of 
moisture in the steam is found by dividing the weight of water, 
as shown on the inner reading of the gauge, by the sum of this 
quantity and that shown on the attached gauge; the quality or 
percentage of dry steam by dividing the difference of the read- 
ings by the sum. 

In the use of the instrument, the outer vessel and connected 
pipe through which the sample is obtained should be carefully 
clothed to prevent unnecessary loss of heat by radiation. 

The total size of the instrument is about 10x 2} inches, 
and its weight about six pounds, so that it is in portable and 
convenient form. 

The accuracy of the instrument depends first on the accuracy 
of the scales, both of which can be readily verified by experi- 
ment; second, upon the complete separation of the water from 
the steam by the separator. This was tested by a large num- 
ber of experiments, by discharging the steam from the outer 
vessel through a throttling calorimeter. Nearly one hundred 
observations were made, the average results of which as given 
in the following table show the exhaust steam in the conditions 
tested to have a quality of 99.998 per cent. As it is certain that 
some loss of heat occurred between the two instruments, it is 
believed that we can consider with confidence the steam as 
passing from the inner into the outer vessel perfectly dry and 
saturated. 

Table giving results of examination of quality of steam caer 
charged from inner to outer vessel? 
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SEPARATING CALORIMETER. 


a DETERMINATION OF QUALITY OF 
DETERMINATION OF QUALITY WITH SEPARATING CaL- Stream DiscHarGeD BY SEPA- 
‘pe ORIMETER. RATING CALORIMETER WITH 
THROTTLING CALORIMETER. 
Qualit | 
a8 Gauge Pounds sep-|Poundscon-| Quality Tempera- steamin | No. of 
pressure, |arated water densed steam| steam, per turein exhaust from| obser- 
Ss pounds. in run. in run. cent. calorimeter.| separating vations. 
A calorimeter. | 
81.5 1.15 4.45 79.46 281 99.95 | 6 
78.2 0.15 5.20 97.2 281.3 100.00 6 
80.8 0.525 4.25 89.005 286.5 100.00 6 
79.5 0.150 4.75 96.94 281 8 99.95 6 
78.5 0.300 5.000 94.34 282.8 100.00 6 
77.6 0.150 5.45 97.32 282.3 100.00 6 
79.5 1.8 4.55 71.65 280.1 94 6 
78.5 1.4 4.90 77.77 279.5 99.9 6 
83.5 1.15 4.1 77.67 286.5 100.00 5 
81.6 1.70 4.75 73.64 282.7 99 .98 5 
74.8 0.65 — 3.95 85. 87 283.7 100.05 5 
82.0 0.85 | 38.95 82.29 286.8 100.05 5 
82 6 0.35 4.15 92. 22 285.6 100.0 5 
81.5 0.20 3.95 95.15 285.2 100.05 5 
81.4 2.20 4.325 66.28 283.1 100.0 5 
80.3 0.30 4.55 93.81 282.8 | 100.0 5 
82.0 0.20 4.65 95.8 282.8 99.98 5 
81.1 0.20 4.40 | 95 7 284.0 | 100.0 5 
* Average of 18 trials, involving 98 observations, 99.998. 
4 It is also true that a considerable error in the weight of steam 


discharged will affect.the results but very little, since in every 
practical case the moisture is a small percentage of the total. 
Thus, supposing that the results of our examination show five per 
cent. moisture, but that an error in the weight of the steam dis-— 
charged of five per cent. has been made. In that case the correc- 
tion to our result should be but .05 or one-twentieth of the results 
obtained, in this case amounting to one-fourth of one per cent. 
The above is an extreme case, and is several times greater than 
any that is likely to occur, as shown by the results of various 
tests quoted. 

Third, the loss by radiation in the exposed portions of the © 
water glass and fittings. This surface is a very small portion of 
the whole surface, and the loss by radiation is always an ex- 
ceedingly small amount. We have made a number of experi- 
ments in Sibley College to determine this amount,and have con- 
sidered that in every case it affects the results less than errors 
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of observation. We have tested this quantity by comparing 
the instrument with a throttling calorimeter taking steam of 
essentially the same quality, and the difference has always been | 
a very small fraction of one per cent. Professor W. C. Unwin, in 
a paper before the Institution of Civil Engineers on the determi- 
nation of the dryness of steam, also gives tests of this instrument 
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the results in every case practically confirm each other. It 
could if essential be tested by passing dry steam through the 
instrument. 

An instrument somewhat like that described above has been 
in use some years in connection with a graduated condensing 
can, as shown in Fig. 131, for receiving the steam discharged from 
the outer chamber. This has proved a very serviceable instru- 
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deacribed j in this paper. won 
Still earlier forms of separating calorimeters were described a 
by the writer in vol. xii., page 825, Transactions. : 
The question has recently been raised regarding the value of 
calorimetric determinations from the fact that great difficulty is eat 
experienced in obtaining a sample of steam which fairly repre- : ee 
sents the average in the steam pipe. This great variation of 
samples of steam was pointed out in a paper, “ Notes Regarding _ eat 


experiments were cited showing great variation. Valuable in- 
prmation has also neem laid before the Society by papers at the a ae 
in New York by Professor Denton. The writer believes uaa ae 7 
occasional expressions seen in the technical press that there is a — 
tendency to extend the application of the conclusions drawn 
from the experiments to a greater field than the experiments 
would warrant or the authors desire. The laboratories of Sibley 
College have also been engaged in the further investigation of 
this subject, and while these investigations are not concluded 
the writer feels that the following conclusions are justified and _ 
may in a certain measure serve to guide calorimetry practice. _ 
They may be briefly stated as follows: First, the steam ordi- — ‘ 
narily discharged from a boiler of proper proportion and 
good working condition carries an exceedingly small percentage 
of water. Second, a certain amount of water will be carried — a a 
along by the steam in the form of vapor or small drops; that 
this amount varies somewhat with the velocity, but probably 
does not exceed two or three per cent. by weight, and further- _ 
more, a fair sample of such steam is usually obtained by any _ ‘a 
the ordinary methods in use. Third, water is sometimes thrown 
from the boiler in large amounts, and in such a case it will usu- ety 
ally remain distinct from the steam and will pass along the © 
bottom of horizontal pipes in a stream of greater or less depth, 
and will flow if moving downward in a vertical pipe in irregular ate 
positions depending upon its velocity and various other consid-— ei 
erations. Steam carrying water in this way when ascending i in oS os Bee 
a vertical pipe will probably be irregularly charged, and samples ave 
drawn from time to time are likely to vary greatly. This con- ee 
dition can usually be considered an abnormal one and probably 
cannot be fairly sampled by any method. In case large amounts, cca 
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of water are thrown over, the quality of the steam cannot be 
even approximately obtained without the use of a steam sepa- 
rator for removing the excess of water. Fourth, steam, even in 
a very dry condition, is likely to deposit a film of water on the 
inside of the pipe by condensation. This amount is rarely of 
sufficient importance to greatly affect the results, but if the 
calorimeter is so located as to draw this directly into the pipe, 
it may show very wet steam when the contrary condition 
actually exists. 

The writer believes that samples for calorimetric determina- 
tion should be drawn from a vertical pipe in which there is an 
ascending current of steam, and that the sample should be taken 
as uniformly as possible from all sections of the pipe, except 
that no steam should be drawn immediately adjacent the ex- 
terior portion of the pipe; and in such a case the results will 
indicate, if substantially uniform, in all cases not showing an 
excessive amount of moisture, the average quality of the steam 
within reasonable limits of errors of observation. 

Further, if the determinations obtained by the calorimeter 
in this position are irregular, or show large percentages of 
error, it may be reasonably doubted that the sample of steam 
obtained is accurate. 

Fifth, a steam separator is always desirable to remove excess 
of water from the main steam pipe, in which case determina- 
tions should be taken after the steam has passed the separator. 
The writer, however, believes from his own experience that the 
use of the separator will not be found essential in one case out 
of twenty, for the reason that water is very rarely thrown into 
the steam in larger quantities than the steam itself will take up 
and retain in a uniformly distributed condition. 


Notre.—The propriety of the name “ calorimeter ” for instruments of this kind 
which determine the amount of water by mechanical separation and not by meas- 
urement of the heat may well be questioned. No other name, however, occurring 
as appropriate, the one in common use has been retained. 


Mr. Geo. H. Barrus.—The principal new feature in this instru- 
ment consists in simply putting on a graduated scale indicating 
the flow of steam through the orifice, and doing away with the 
condensing graduated can which distinguishes the present form 
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Any change of a machine which enables one thing to do the 
work formerly done by two things is an improvement, and the _ 
instrument described may be classed in the category of such im- _ 
provements, but I have looked in vain through the paper for any _ 
feature which entitles the changed instrument to be called a new _ 
form of calorimeter. 

It would avoid some confusion if the title of this paper were 
changed, for in one of the earlier volumes of the Transactions 
there is a paper on almost identically the same subject, though _ 
treating of a radically different instrument. I refer to the paper 
submitted by myself and describing the so-called “superheating” — 
calorimeter. 

There are some points in the paper to be criticised. ‘ 

The professor states that “no loss by radiation can take place 
from the inner chamber except that which takes place from the 
exposed surface of the gauge glass.” I am sorry to differ with ; 
the author on this point, for in this I believe he is wrong. There 
is a solid metal connection between the inner and outer chamber 
at the two points where the gauge-glass fittings are applied, and 
a solid screwed connection between the two at the entrance of 
the steam supply. If these connections were insulated so that _ 
no conduction of heat could take place from one to the other, the ae 
professor's statement would be warranted, but with the condi- 


radiation from the exterior surface will be felt all the way pai aE 
through. 
The paper gives the results of a test showing the apparent per- 
fection with which the instrument separates the water from the — 
steam. The calorimeter does this so perfectly that, according to — 
the figures reported, only i759 of one per cent. of moisture ~ =) 
remains in the steam. Such reputed perfection appears to mo ied 
impossible, and I believe the figures given are in some way bee 
erroneous. The professor himself seems to question their nec 
bility in saying “it is certain that some loss of heat eat 
between the two instruments” (that is, between the outlet of the 
separating calorimeter and the inlet of the throttling instrument 
which was used for the comparison). Upon this point is it not true ee : 
that there was even more loss than simply that oceurring between — = oe 
the instruments? How about radiation from the outside of the it 
_ apparatus ? Assuming the steam to be dry on leaving the sepa . 
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rating chamber, it certainly took on moisture in passing out 
through the surrounding jacket space before it reached the orifice 
of the outer chamber. Moisture would be formed on account of 
the radiation loss. The exterior may have been covered, but 
even with the best protection some loss occurred, and whatever 
it amounted to should have appeared in the indications of the 
throttling calorimeter beyond. The area of the exterior surface, 
according to dimensions given, was about one-half a square foot, 
and this would condense at least one-eighth of a pound of steam 
per hour. The quantity passing through in an hour, judging 
from the table given, is some 12 pounds. The radiation between 
the two instruments, then, is sutticient to condense at least one- 
ninety-sixth of the steam, or say one per cent. This is very differ- 
ent from the quantity actually indicated, according to the report, 
viZ., zoo Of one per cent.; and to my mind it throws serious 
doubt upon the accuracy of the test. 

A remark in the paper, upon the subject of radiation from the 
water glass, is worthy of note. The statement is as follows: 
“This surface is a very small portion of the whole surface, and 
the loss by radiation is always an exceedingly small amount. 
We have made a number of experiments in Sibley College to de- 
termine this amount, and have considered that in every case it 
affects the results less than errors of observation. We have 
tested this quantity by comparing the instrument with a throt- 
tling calorimeter taking steam of essentially the same quality, and 
the difference has always been a very small fraction of one per 
cent.” 

If the comparisons referred to possess the same indications 
of unreliability as those given in the paper already noted, it 
seems to me that they are valueless. I don’t know what others 
may think of the statement last quoted, but I, for one, consider it 
an indication of exceedingly rough experimental work, and hardly 
worthy of record in such a matter as this. 

Now a word as to the instrument itself, which in reality does 
not possess the highest degree of utility. 

A separating calorimeter for general testing work is not very 
useful. A throttling or wire-drawing calorimeter is all which is 
needed in nine cases out of ten, and no one would think of using 
the separating instrument universally, when for most cases the 
other is so much more convenient and accurate. Still, there are 
times when both are needed. 
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A gauge glass, which forms a necessity in this instrument, is 
an objectionable feature. It is always troublesome, and especially 
so at extremely high pressures. 

The panacea for the objections noted is the Universal calo- 
rimeter, “1895 pattern,” which has been associated with my name. 
I call it the “1895 pattern” to distinguish it from those which 
have preceded it. 
make it of general interest to engineers, and 1 do not feel like 
apologizing for bringing it up at this time, although I will say that 
I had long ago promised myself that I would not again inflict 


There is enough novelty and utility in it to 


upon the Society any further reference to the calorimeter subject __ 


—already worn threadbare, as it seems to me. 

The 1895 pattern calorimeter is a wire-drawing instrument and 
separator combined, but the latter is attached to the outlet and is 
subjected simply to steam at atmospheric pressure. 
glass is required, and the whole apparatus is simplicity itself. If 
the moisture is too great for the range of the wire-drawing part, 
the separator catches the balance, without manipulation of any 
kind, and the resulting water is collected and weighed. 

The apparatus is protected from radiation, finished in nickel- 
plate and japan, and the whole equipment, including two ther- 
mometers, is contained in a case no larger than an indicator box. 
The calorimeter itself weighs less than seven pounds. 

Its chief features are shown in the accompanying cut, Fig. 182. 


_ Mr. William H. Bryan.—It has occurred to me that the Society _ 
might be interested in the results of some experiments which I 


recently made on different forms of calorimeter nipples. The test 


No guage © 


was made on the main delivery pipe from a 250 horse-power __ 


Pierpoint boiler at the Stifel brewery in this city (St. Louis). — 


The pipe was 8 inches diameter, vertical, the steam ascending, Pees 


these being the conditions under which it is generally assumed 
that the fairest samples can be secured. The three nipples were 
located as close together as possible. 


The calorimeters used were © 


all of the same type—the Carpenter separating, with condensing __ 


vessels. 
ment. 


at the inner end, and has two holes through the sides. Nipple 


Nipple A is the one usually sent out with this instru- nae 
It extends about four inches into the pipe and is open — 


B was of the type recommended some years ago by Professor __ 
Thurston, extending clear across the pipe, with its inner end tee 
closed and the sides perforated with a large number of small 


holes, except within an inch of each end. Nipple C extended 
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clear across the pipe, with a 74-inch slot extending its entire 
length, the. opening pointing towards the direction from which 
| 
the steam came, being downward in this case. Results 
simultaneous observations are given in the table below. 


3 


Cc 


PRESSURE.| Percent. Intervals. Per cent. Intervals. Per cent. | Intervals. 


| 
-670 1.910 
1.405 
1.063 1.259 
-990 1.792 
1.137 1.477 
769 


-863 14.50 1.464 


It was thought that the sample secured by nipple A would not 
be a fair one, being taken from the centre of the pipe. It was 
thought also that nipple B would give a sample showing more 
moisture than really existed, as all moisture striking the nipple 
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centage of steam. This it was thought would be avoided by _ 
nipple C. The experiments confirmed the supposition in regard 
to nipple A, but did not enable a choice to be made between =| 
nipples B and C, as the results averaged about the same. ee 
Mr. E. D. Meier—I do not agree with Professor Carpenter 
that the location of the pipe for sampling the steam in a vertical © 
pipe is the best one. If the steam flowed through the main pipe 
at a uniform velocity of 50 feet per second or over, this might be 
a good plan, but when an engine is drawing steam from the pipe 
there are constant pulsations. Suppose it cuts off at quarter stroke, 
then for every second of high velocity we have three seconds of 
almost no velocity. All the water carried up during the high- | 
velocity period and all that is condensed on the inner surface of _ 
the pipe will run down that surface during the periods of no | 
velocity, and reaching the sampling pipe it will run in dropsalong 
the bottom of that pipe and be drawn into the calorimeter, thus fy 
showing a much larger result than the real average percentage of _ 
moisture. I have seen a large reduction made in calorimeter — 
readings taken in this manner by simply covering the vertical 
pipe and the elbow at the top with good non-conductors, they 
having been before exposed. é ak 
Suppose the vertical portion of the pipe and the elbow had | 
10 square feet of exposed surface, we could easily and fairly _ 
figure, with steam at 100 pounds, and the air at 57 degrees, a loss 
by condensation of 4.5 pounds per hour, and this might be greatly 
increased if open windows or doors made a draught in the boiler- 
room. By covering the pipe, we could reduce this to 1.5 pounds. 
The difference of three pounds, which would amount to .05 pound 
per minute, would make a very grave error in the calorimeter if 
the sampling pipe were placed as indicated. I believe the safest 
plan is to put the sampling pipe in a horizontal pipe at middle 
height, and make it a plain open pipe extending at least one- | 
third the diameter of the main pipe into the same. aa 
Prof. R. C. Carpenter.*—Regarding the remarks by the first 
speaker, the writer would say that the gentleman has seemed to 
misunderstand many of the statements in the paper, although it —__ 
was not expected that much commendation would be expressed. 
His principal discussion seems to have reference to the table which _ 
appears on page 611, and which he states gives results which are ois * 


would be drawn into the holes without the corresponding per- _ i &, 


a 


* Author’s closure, under the Rules. 
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absurd because “the radiation from the instruments must have 
been more than ;;%;5 of one per cent.” 

If such a statement had been made in the paper, the critic 
would no doubt be warranted in his strictures. By referring to 
page 610, however, and to the statements which immediately pre- 
cede the table, it will be seen that this table gives the result of an 
investigation to determine whether or not it is possible by 
mechanical separation to remove all water from steam, and that 
in this connection the instrument was so arranged as to eliminate 
all other losses. It is distinctly stated that this table was for this 
purpose, although it may be added, to what has already been 
stated by inference, that the instrument was arranged for this test 
so that no radiation was possible. It is, I think, clearly stated in 
the paper that the radiation losses of the instrument are not 
included in that table, and that they are discussed under two 
later heads. The statement in regard to the radiation of the 
instrument is found on page 612, and the claim is made that it is 
a sinall fraction of one per cent. 

Let us consider the matter from a theoretical standpoint. 
The coefficient of heat transmission from steam to air through a 
naked pipe under similar conditions of exposure is thoroughly 
well known, and yaries from 1.5 to 2 B. T. U. per square foot of 
exposed surface per hour per degree difference of temperature 
between the steam and the air. This difference of temperature, 
with ordinary temperature of room, with steam at 100 pounds 
pressure, would be about 250 degrees, and the amount of heat 
transmitted per square foot per hour would be 500 B. T. U. 
‘When instruments are well covered as directed in connection with 
this instrument, the radiation loss is less than one-fifth the above, 
or not over 100 B. T. U. per square foot per hour. 

In the instrument as now constructed and of the latest form 
we have nine square inches of exposed water-glass fittings (Mr. 
Barrus makes a fine distinction when he calls attention to the 
fact that in specifying the glass the fittings are omitted), and six 
square inches of glass surface. The radiation from the metallic 
surface should not exceed under usual conditions 28 or 30 B. T. 
U. per hour, or from 34 to gy, of a pound of steam when 
unclothed, and from ;}z to 345 of a pound when properly pro- 
tected. That from the glass should not exceed 18 to 24 B. T. U. 
per hour, or from ;', to 75 of a pound of steam, so that the total 
loss should not reach by condensation 1, of a pound of steam per 
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hour. In the experiments quoted on page 611, a smaller instru- 
ment was employed than is now used, although the radiating sur- 
face was also smaller. With the instrument of the smaller size, 
the percentage of radiation loss, provided the radiation surface 
remained as in our larger instrument, would have been nearly one- 
fifth of one per cent. In the instrument as now built, steam is dis- 
charged at the rate of about 50 pounds per hour at 100 pounds 
pressure, and the radiation loss is reduced to less than one-tenth 
of one per cent. 

This is the total loss regarding which such erroneous state- 
ments have been made, and I think I will be warranted in saying 
that it is many times less than the errors which cannot possibly 
be avoided in collecting a sample of steam. 

The small amount of the loss by radiation is shown incidentally 
in the figures submitted in the discussion by Mr. W. H. Bryan. 

It is somewhat strange that the opinions formed by examining 
the same subject from different standpoints should differ so mate 
rially ; thus, for instance, Mr. Barrus can see little which is new 
or novel in the calorimeter described in the paper, although he 
does not claim to have thought of the same instrument himself, 
and he does admit certain novel features. He does, however, 
describe an instrument which appears to him as new, but which 
to me appears to be not only not new, but to possess no novel 
features. He has, it appears to me, simply taken the throttling 
calorimeter of Peabody,* and the early form of the separating © 


calorimeter as described by myself,t and arranged them in tan- 


dem so that the exhaust of the throttling calorimeter should feed 


the separator. That is, his invention consists in making a com- _ 


pound calorimeter which must be as difficult to use as it is com- 
plicated in shape. More than this, I do not believe the instru- 
ment in that form is accurate or reliable unless the. steam is suffi- _ 
ciently dry as to be within the limits of the throttling instrument, _ 
in which case the separating attachment can be of no possible 
use. Supposing that the steam contains five or six per cent. of | 


moisture, which is more than can be evaporated by the process of Jes 


superheating due to throttling, in its passage through the throt- 
tling instrument a certain portion of this moisture is evaporated, 
and the remainder must be caught in the separator. The amount 
of moisture must then be determined from two complicated cal- 


See Transactions A. 8. M. E., vol. x., 827 
aime See Transactions A. 8. M. E., vol. xii., p. 825. 
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culations, neither of which is reliable without large corrections 
for radiation, for error in reading of thermometers, etc. 

The writer feels confident that the errors which exist in the 
separating calorimeter as described will in every case be less than 
those induced in collecting the sample of steam. 

Regarding the best location for the supply pipe to the calo- 
rimeter, there is reason for a great difference of opinion, and the 
remarks by Mr. Meier are certainly worthy of attention. He does 
not seem, however, to be able to adduce any figures whatever in 
support of his proposition. His conclusion is directly opposed 
to the results of experiments in Sibley 


T q College, and also to those by Professor 
effect of condensation are certainly 
opportune, and it is very evident in- 
‘deed that if the sampling pipe is so 
arranged as to receive the drip from 
the side of the pipe, that the results 

sLatheitagata vals J will be as indicated in his remarks. 
We made an extended series of ex- 

ie periments this last year as to the 
Fie. 138. quality of samples drawn from differ- 


ent portions of a vertical pipe in which 
there was an ascending current of steam moving at rates varying 
from 50 to 100 feet per second. 

The steam first passed through a horizontal pipe ; a set of sam- 
ples were drawn in the plane of the horizontal pipe, and also in one 
at right angles. I will not take the time here to describe the 
experiment in full, but will merely state that the variation ob- 
tained was very great, and that it varied in all sorts of ways from 
the mean. Samples drawn at a distance of 25 per cent. of the 
diameter from the edge of the pipe, at right angles to the plane 
through the centre of the pipe, were in nearly every case reliable, 
differing only a small fraction of one per cent. from the mean. 
Those drawn from near the centre of the pipe were in every case 
very much too dry, differing in various positions one to two per 
cent. from the mean. Those near the edges much too wet. The 
quality of the mean was determined by converting the whole 
system into an enormous throttling calorimeter, after having 
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removed a certain amount of the water by the separator. I sub- 
mit a sketch showing the variation in quality from the mean. © 
Fig. 133 shows the sie nae of the positions, and Fig. 134 — 
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Variations in quality % plane c-d 


Diagrams showing simultaneous 


mean quality in a vertical pipe. 
cent. 


determinations of quality and variation 


The current ascends. Mean quality, 95 per 
Plane c-d is plane of bend, and variatiun is irregular. 


found in plane a-b at distances from surface equal to 25 per cent. of diameter. Fe 
Experiments, June, 1896. 


well within a pipe, provided the current is ascending ; I do not i | 
believe that a fair sample should differ more than one per cent. Na 


from the mean. With horizontal pipes the water will flow in oe 


a vertical pipe irregularly i in different portions of the pipe. @ 
experiments made by Mr. Bryan are of interest as showing that — f 


Fair samples are 


“yon 
I am rather inclined to believe from these experiments that — Bee 
fair samples may be obtained by drawing the steam froma point ts - 4 
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the form of collecting nipple is itself of importance. The form 
marked # is the one that should have been sent by the makers 
if they had carried out my directions, since I have advised the 
collection of steam from all portions of the pipe. Our recent 
experiments would seem to indicate that a sample drawn from 
the open end of a pipe about half way to the centre agrees 
well with the average, but we are not certain that it agrees more 
closely than that drawn from all portions of the pipe. Mr. Bryan 
did not in his experiments determine the average quality of the 
whole steam, but his experiments show the quality obtained with 
nipple A to be about six-tenths of one per cent. better than with 
the other forms. His observations on the whole show a uniform- 
ity of results fully as great as could be expected. 
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BY LOUIS R. ALBERGER, NEW YORK CITY. yp 


It is the object of this paper to present to the attention of the Be . 

Society a practical condensing apparatus for use with steam "bie 
engines, and one which, while operating without a natural water 
supply, gives results which compare most favorably with those — ae ore 
obtained in the ordinary manner. Because the circulating ca = “a 
employed to produce the condensation of the steam is cooled by ahi “oan 
the apparatus for re-use in itself, it is called a self-cooling = 

denser. It depends, however, for its effectiveness upon. the . 


capacity of atmospheric air to carry off heat and moisture when 
brought into intimate contact with heated water. 

Broadly considered, the air becomes the condensing medium — ou 
in the place of cold water as ordinarily employed, and, on — ee 7 A 
account of its general distribution, the process can be performed _ eee 
at any place which may be desired. The adoption of this machine 
gives to all users of steam power a means of economy heretofore 
commercially unavailable, except to those whose engines are in 
close proximity to an abundant natural water supply. Non-con- 
densing engines, in any locality, can be run condensing, with all 
the benefits which accrue, by the use of a vacuum. In the instal- 
lation of new steam-power plants, the highest types and most i 1 
modern practice of compound and triple-expansion condensing — tesa 
engines can be used, without reference to the quantity of water ; 
available, except to provide a sufficient amount for boiler-feeding _ 
purposes. 

The idea of cooling the discharge water from the air pumps — 
and re-using it in the condenser is an old one, and, in fact, steam — ast 
plants are in operation in which the heated discharge water is a 


* Presented at the St. Louis meeting (Mayr, 1896) of the American Society 25. er. 
Mechanical Engineers, and forming part of Volume XVII. of the 7ransuctions. X % 
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delivered into a pond and allowed to cool to as low a temperature 
as possible before being used again. Open pans placed in the 
yard adjoining the engine house, or on the roof of a building, 
have been found fairly serviceable in a few instances where the 
structures were of sufficient expanse and were strong enough to 
support the weight. Both of these methods of cooling water are 
slow, and, as only the surface exposed to the air is active to any 
great extent, very large areas are required; and, furthermore, 
they are uncertain, as they rely upon the favorable conditions of 
the wind and atmosphere for anything like satisfactory results. 

In Europe the heated water is sometimes pumped upon a pile 
of brush or fagots, and in that way caused to expose a large sur- 
face to the air. Modified and somewhat improved forms of this 
plan have been used for a long time on the island of Cuba, in 
connection with vacuum pans, in the manufacture of sugar, at 
places where water is scarce, the prevalence of trade winds 
adding much to the reliability and effectiveness of these con- 
trivances. 

Rilleaux, who is credited as being the inventor of multiple 
effect evaporating apparatus, many years ago suggested the use 
of gunny bags, suspended by one edge and arranged in a series, 
with a space for the circulation of the air, and a device for sup- 
plying the heated water along the upper edge of the bags. He 
found, however, that the cloth, subjected to the combined action 
of heat, moisture, and air, decayed very rapidly, and its use was 
soon abandoned. In Hungary and Germany expensive construc- 
tions quite like Rilleaux’s are in use, wooden plates or partitions 
being substituted for the gunny bags. The plates are hung in a 
parallel series a few inches apart. It is very desirable, and at 
the same time difficult, to maintain an even distribution of the 
heated water along the edges of the plates, so that each plate 
will present a thoroughly wetted surface to the action of the air, 
and elaborate means are adopted to secure that result. The 
heated water is taken from the air-pump discharge and elevated 
by means of an additional pump to the top of the structure. 

As distinguished from the above methods, in which the exhaust 
steam is brought in contact with the water, numerous forms of 
so-called air or evaporative condensers have been devised and 
used with varying success. They consist of a series of tubes or 
hollow plates exposed to the atmosphere, into which the steam 
from the engine is exhausted, the steam being condensed, and 
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the water resulting from the condensation, after being freed of a 
the lubricating oil-from the engine, is fed to the boiler. This = os 
system was experimented with for a long time on the London 
underground railroad, where its success would have been = ee 
desirable. The surface required merely to condense the steam 
without producing even a moderate degree of vacuum was very 
large, and the machine, to be of full effect, was bulky and expen- _ ie 
sive. The efficiency of this type of condenser can be increased 
by continually wetting the surface of the tubes exposed to the ——— 
air. Aside from the cost, which prevents its commercial use, | 
it possesses a very great practical disadvantage in that the 
whole structure, including the tubes, with their fastening de- 
vices arranged to accommodate expansion and 
_ Tequires to be air tight against atmospheric pressure. 
It is obvious that such methods and constructions, while inter- 
esting, and in a limited way operative, would be inapplicable to 
_ the large majority of the steam plants of considerable capacity © 
_ with which we are familiar, and which have become so necessary 
for modern mill, electric light, and railway purposes during ~ i: 
last few years. 
An apparatus for this purpose, and one which can be astoly ° 
employed as a reliable portion of a steam-power plant, must oe : 
_ simple and compact in construction, thoroughly durable, and 
so completely under control as to be practically independent 
of changes of wind and weather. These features are to be 
found in tlie self-cooling condenser as illustrated in section 
the condenser, in which 


condenser is cooled to a proper temperature to be used again for 
the further condensation of exhaust steam. The tower consists 
of a cylindrical steel shell open at the top, supported upon a 
suitable foundation, and having fitted at one side a fan, the 
function of which is to circulate a current of air through the 
_ tower and its filling. This filling consists of layers of cylin- 
drical tubular tiling, which rest upon a grating supported by a 

_ brick wall extending around the circumference of the tower. 
- The heated discharge water from the condenser enters the tower 

p at the side, passes up the central pipe, is delivered on the upper 
layer of tiling and over the whole cross section of the tower 
_ by a distributing device consisting of four pipes, which are 


the exhaust steam of the main engine . 2 
densed, and the towe1 vhich 
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caused to rotate about the central water pipe by the simple 
reaction of the jets of heated water issuing from one side 
of each pipe after the manner of a Barker’s mill. The water 
thus delivered spreads over the outside and inside surfaces 
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of the walls of the tiling, and forms a continuous sheet, which 
is presented to the action of the air. The tiling, which are 
preferably six inches in diameter and twenty-four inches 
long, are placed on end in horizontal layers, one upon the 
other, and packed as closely as possible, the walls of each 
individual tile of each successive layer being disposed so as to 

- come opposite the air spaces of the next lower layer, breaking 

_ joints, as it were. 

_ Fig. 137 shows the arrangement of a portion of the tiling, the 
object being in this disposition to break up both the currents of 
air and water so that the most thorough and extended contact 
will take place. If there are ten layers of tiling in a tower, then 
there are nine places, in addition to the original spreading at 


the top, at which there is a complete redistribution of the water. 
It will be seen that each tile must rest on at least two, and pos- 
sibly three, in the next lower layer. Assuming, however, that 
each tile rests on only two others, a given quantity of water, 
placed on any one tile in the top layer, will. be divided over at 
least two tiles in the second layer, three in the third, four in the 
- fourth, and so on, until it becomes spread over fifty-four in the 
lowest layer on the grating. The practical importance of this 
extremely effective distribution of the water, due to the mere 
arrangement of the filling, has been demonstrated in a tower 
where the - distributer was- purposely stopped, when the 
efficiency of the apparatus was found to be so slightly im- 
paired that the difference was not noticeable in the engine 
room. The air is distributed in an equally good manner, 
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and there is a large free area with equal facility for its 
passage upward over the entire cross section of the tower. 
The heated water falling through the tower is cooled by three 
processes: first, radiation from the sides of the tower; sec- 
ond, the contact of cool air; and third, evaporation. This 
latter is by far the most important, as the evaporation of a 
pound of water in this way carries off about 1,000 units of heat, 
and enables a pound of steam to be condensed in the condenser. 
As quite a proportion of the cooling is done by the first two 
processes, the evaporation of water in the tower must be less 
than the water formed by steam condensed in the condenser. 
Consequently, the supply of circulating water is constantly aug- 
mented and requires no replenishing. The cooled water falls 
from the grating to the subsiding tank at the bottom, and is from 
there drawn by the condenser to perform condensation again. 
The condenser forming a part of this apparatus has certain 
special and novel features which render it particularly well 
adapted to the service. The condensing chamber in which the 
exhaust steam is brought into contact with the water is shaped 
so as to conserve the velocity of the incoming water, increased 
by the impact of the exhaust steam at the point of condensation. 
The injection water and the water resulting from the condensa- 
tion of the steam pass unobstructedly to the pump, and by 
their momenta assist the pump very materially. The air and 
uncondensable vapors are thoroughly intermixed with the water, 
and are not at any time allowed to separate from it. The pump 
has a duplex valve motion and gives.a-regular and constant flow 
of the mixture, which is more nearly aérated water, and is 
widely distinguished from the air and water in comparatively 
large and separated volumes as they are found in ordinary air 
pumps and condensers. The effect of this intimate and com- 
plete mixture is twofold; the pump is largely assisted in its 
work, as shown by the fact that there is a less degree of 
vacuum in the pump cylinders than obtains in the condensing 
chamber, and the action of the pump is steady, as it moves in a 
constant stream a fluid of practically uniform density. For this 
latter reasbn the pump is capable of elevating the water to the 
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performs the double function of maintaining the vacuum and of 
supplying the heated water to the tower, reducing the apparatus 


top of the tower with ease and regularity. A single pump thus ae 
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The operation of the system may be summarized as follows: 
The cool water drawn into the condenser from the suction tank 
is mingled with the exhaust steam from the main engines, and 
being heated and increased in quantity by the condensation of 
the latter, is delivered by the pump to the tower, where it is 
cooled by the air and falls into the subsiding or suction tank, 
from which it again passes to the condenser. There is con- 
stantly coming into the system water from the city mains or 
other source to feed the boilers. There is constantly going 
out of the system the water evaporated in the tower—an amount 
which is less than that which comes from the steam condensed-- 
and the slight overflow from the suction tank which will carry 
off the oil and grease which come from the engine with the ex- 
 haust steam, and which would tend to accumulate in the suction 
tank. 

In situations where the water to be had for boiler feeding is 
_so impure as to form objectionable scale in the boilers, a modi- 
fication of the apparatus may be used to great advantage. This 
modification consists in the substitution of a surface condenser 
with air and circulating pumps for the jet condenser and pump. 
Fig 138 shows a system so arranged. The circulating pump 
draws the cool water from the suction tank, passes it through 
the tubes of the surface condenser and the tower and back 
again in a continuous circuit to the suction tank. The exhaust 
steam from the main engine brought in contact with the outside 
of the tubes is condensed. The pure water thus formed, together 
with the air and uncondensable vapor, is removed by the air 
pump and delivered to the hot well, from whence the water is 
fed to the boilers. The loss to the circulating water by evap- 
oration in the tower must needs be made up from the source of 
water supply. 

The floor space occupied by the cooling tower of this self- 
cooling condenser is not excessive, as will be appreciated when 
it is understood that an apparatus suitable for 1,000 horse- 
power is only 17 feet in diameter and 30 feet high. The suction 
tank, which is placed directly under the tower and in the foun- 
dation, is 8 feet in diameter and 7 feet deep, and contains about 
2,000 gallons of circulating water, this being a sufficient quan- 
tity to fill the condenser pump, pipes, and tower on starting up, 
and to carry on continuously the transfer of heat from the ex- 
haust steam to the atmospheric air. The location of the tower 
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_ may be on the engine-room floor, on the top of the building, or 
in the yard, the latter place being well adapted. It may be at 
any reasonable distance from the engine and the condensex, and 
_ connected to the latter by one pipe for the heated and one for 
a cooled circulating water. The distance is only limited by 
. _ the friction of the water, which depends, of course, upon the 
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size and directness of the pipes. A machine which the writer has 
in mind is 150 feet away from the engine room, and as the fan is 
driven by an extension of the line shafting, the fan is set in 
operation at the first movement of the main engine, the con- 
denser in the mean time having been started and a vacuum 
obtained. 
The fan for the circulation of the air requires but very little 
power for its operation, and careful tests have shown it to be 
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less than 2 per cent. of the power of the main engine during the 
maximum requirements of summer, while the average for the — 

year in this climate will not exceed 1} per cent. Thefanmay ~~ 
be driven by an electric motor, belting from the main shafting, ao ¥ 


or by a small steam engine, as the conditions of the situation — a 
may render most desirable. The latter method is usually prefer- neta 


able, as the speed can be more easily regulated to suit the — i 
requirements. 

It may be interesting to state some of the average tempera- ae 
tures of cooled water observed under different ranges of tem- 
peratures of air in an apparatus performing regular service in ¥ 
connection with a steam engine. 


Temperature of Air. Average Temperature of Difference between Air and 
Cooled Water. Cooled Water. 
45 d Fah 25-d 
a 
stipd. 


20 degrees Fahr. 


It will be noticed that, as the temperature of the air increases, __ 
the temperature of the cooled water becomes nearer that of the — 
- former. With the atmosphere at 20 degrees Fahr. there is a 
difference of 25 degrees, and at 95 degrees Fahr. the difference 
is only 5 degrees, when circulating practically the same volume 
of air and carrying off the same amount of heat, the circulation of 
the water having been reduced as the temperature lowered. This 
shows plainly the activeness of the evaporation at the higher 
temperatures, when the air has a largely increased capacity for 
moisture. Advantage is taken of this action in another form 
of this apparatus which is being used to cool water which has 
passed over the ammonia condensers of ice and refrigerating 
machinery so that it may be used again, thus avoiding the cost 
of city water, or dependence upon salt or corrosive waters for 
this purpose. In this design of cooling tower the quantity ol 
air circulated and the exposed surface of water bear a largez 
ratio to the amount of heat carried off than when the towe1 
forms a part of a steam-engine condensing system. This is 
necessary because ammonia condensers are operated to the best 
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advantage at lower ranges of temperature. It is possible to 
obtain under favorable conditions a reduction of temperature 
some 15 or 20 degrees below the temperature of the atmosphere. 
By carrying this method too far—that is, by circulating too great 
an amount of air—the warming-up effect of contact of the air 
with the water will overcome the cooling effect produced by the 
evaporation, and the desired result of further reduction will not 
be attained. Just at what point this occurs the writer has not 
had an opportunity of determining, but experiments are under 
way at the present time to locate definitely the point of maximum 
efficiency. 

The relative amount of moisture in the air, of course, affects 
its cooling value, especially in summer, when the evaporation in 
the tower is the process principally relied upon to carry off the 
heat. When the humidity is high—that is, when the vapor of 
water in the air approaches in amount that which it is possible 
for the air to contain before becoming saturated—the effect in 
the tower can be maintained by the circulation of a larger quan- 
tity of air, and experience readily determines to what extent this 
can be economically carried in any given case. The practical 
results produced by this system are not affected as greatly as 
might be supposed by extreme and unfavorable conditions of 
the atmosphere, such as coincident high temperature and humid- 
ity. This will be understood upon consideration of the follow- 
ing facts. The temperature of steam under a vacuum of 26 inches 
is 126 degrees Fahr., and the discharge water from a condenser 
producing that degree of vacuum is usually about 110 degrees 
Fahr., so that it is quite possible to maintain 26 inches of vacuum 
in a system when the injection water is, say, 100 degrees Fahr., 
simply by employing a condenser pump of very large size, and 
causing a circulation of three times the quantity of water which 
would be necessary if the injection was 80 degrees Fahr., or a 
difference of 30 degrees, instead of 10 degrees, as in the supposed 
case. Such a procedure is not advisable, because the times dur- 
ing the year when the atmospheric conditions are so severe as to 
prevent cooling below a point of 100 degrees Fahr. are very few 
and last but a few hours. It is found to be better practice to 
carry a lower degree of vacuum for the time being. An injec- 
tion of 100 degrees Fahr. and a discharge of 130 degrees, re- 
quiring a circulation of only the normal amount of water, will 
give a vacuum of from 22 to23 inches. A self-cooling condenser , 
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bo of 200 horse-power capacity, corresponding to the description  =—_— ae 
re just given, was built by Henry R. Worthington and putin opera- = 
e. tion June, 1894. It has been in constant service since that time, —> 
ut maintaining during the hottest weather of July and August of 
al two seasons a vacuum never below 22 inches, and very often as 
e high as 26 inches. During the other months the vacuum has  ~— 
rt seldom been below 25 inches. Some ten installations, varying he ; 
rt in size from 400 to 5,000 horse-power each, have been built by the 7 : - 
r same company and put into successful operation during the last _ 1s - 
n year. 

Fig. 139 is from a photograph of an apparatus of this construc- _ cae 

8 tion, at the Second District Station of the Edison Electric Ilu- | ates 
a minating Company of Brooklyn. This tower is placed in the __ 
B yard at the rear of the station, and at a distance of about 60 _ 7 i 
f feet from the condenser. It has run continuously since March, 
, 1895, in connection with three Ball cross-compound engines of — 


250 horse-powereach. Through the heated term of last summer 
24 to 25 inches of vacuum was readily maintained. The appear- — 
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: ance and operation of the condenser in the engine room are i ey) 
exactly as if a large natural water supply was being employed __ ee 
for the condensation. The circulating fan in the tower is oper- _ a: x 
| ated by an electric motor, and after it is started requires no “) 
further attention from the engineer in charge. > a 
In the application of this system to a plant in which the i 2 


engines are run non-condensing, no change is made in the _ 
method of feed-water supply as there employed. The teed 


? 


and the exhaust steam from the main engine is passed through 
the latter on the way to the condenser. The steam exhausted 
by the condenser pump, boiler-feed pump, and the small engine 
which runs the fan (if a separate engine be used), is conveyed 
to a separate heater of moderate size. This supplementary 
heater receives the feed water, which already has been heated 
nearly to the temperature of the exhaust steam, say to 110 
degrees Fahr., with a vacuum of 26 inches, by the main heater 
between the engine and the condenser. The exhaustfromthe 

auxiliaries being entirely condensed in the supplementary 

heater, its heat is transferred to the feed water and by this _ 
means returned to the boiler. The temperature of the feed _ 
water will approximate that obtained when the same plantis 
run non-condensing, and varies, according to the conditions, 
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from 170 degrees to 200 degrees Fahr. It is evident that ag 
that portion of the heat in the steam supplied to the auxiliaries, 
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and not converted into useful work nor lost by ra 
completely returned to the boilers, the efficiency of t 
eae i in fact, what may be calle 
chi ach, in fac 
chines is very high. They approach, | 
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perfect steam engines, for an engine which returns to the boiler the ; ; 
heat which is not converted into useful work may certainly be © 
said to be a perfect one. For a careful exposition of the econ-— 
omy to be reached in the operation of the auxiliaries by utiliz-— 
ing the heat of the exhaust steam, reference is made to a paper _ 
by Otto H. Mueller, C.E., read before the Hungarian Architects’ 
and Engineers’ Society of Budapest, and published in Engi- 
neering, November 10, 1893. ys 
Fig. 140 shows a complete self-cooling condenser system as 
applied to a Corliss engine, and indicates the positions of the 
main and supplementary heaters with the pipes and connec-— : 
tions. The condenser is shown in the basement, but it can 
just as well be on the level of the engine-room floor, if the ee 
proper arrangement of exhaust piping is made to prevent 
accumulation of drip water in the horizontal length. Refer- — . 
ring again to the matter of heating the boiler-feed water, it is aah 
obvious that if the feed water be taken from the discharge of eet 
the condenser at a temperature which quite closely approxi- — a 
mates that obtained in the main heater, if one be used, and — 7 
passed through the supplementary heater to the boilers, that ies a 
the main heater may be omitted without appreciable loss ae , 
economy. The amount of water thus taken from the system vas 
must be replaced by an equal quantity of cold water admitted __ 


av 


to the suction tank from the source of supply. This methodis 
not ordinarily advisable on account of the oil which may in this" i ie 
way get into the boilers, although with some feed waters the | 
presence of a small amount of oil is not objectionable. aN 
Regarding the total cost of producing vacuum by this system a 
it can be said that, while the cost varies according to the size 
of the plant and different operating conditions, it may safely — 
be taken as within an average of five per cent. of the powerofthe __ 
main engines when the latter develop a horse-power with twenty — Ss 
or less pounds of water per hour. ‘The relative economy * eer: 


condensing over non-condensing engines of the various types ; an 


of simple, compound, and triple | expansion is so generally well — 
known, and has received such’ practical and comprehensive _ ae 
treatment by Charles E. Emery, Ph.D., in a paper entitled “The ee ass 


Cost of Steam Power Produced with Engines of Different Types 
under Practical Conditions” (Transactions American Institute 
Electrical Engineers, March, 1893), that it is unnecessary aa 


make any more than a brief reference to that paper. The 
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following condensed table is selected from-a very elaborate one 
contained therein : 


Frrp WATER PER INDICATED Horsz-PoWER PER 
Hour. 
TyPe oF ENGINE. 


PER 
CENT. 
GAINED 


] BY ConN- 
Assumed Assumed | DENSING. 

Probable for | for 

Name. Limits. Compari- i Compari- 


son, son. 


Non-Condensing. Condensing. 


Lbs. Lbs. Lbs. Lbs. 
Simple High Speed... 35 to 26 38 25 to 19 22 


Simple Low Speed 32 to 24 29 24 to 18 20 
Compound High Speed.| 30 to 22 26 24 to 16 20 
Compound Low Speed..| .... ... 20 to 123 18 
Triple High Speed 23 to 14 17 
Triple Low Speed 18 to 123 16 


*The paper does not give a water rate for the compound low-speed non-condensing engine, 
but it may ve fairly assumed to be about the same as for the triple high-speed non-condensing 
engine, namely, 24 pounds. This will make the gain by condensation just twenty-five per cent. 

The terms * high speed ” and “low speed,” it is believed, refer to the number of revolutions 
per minute, and not to the piston travel. Low-speed engines are Corliss engines and the like, 
with releasing cut-offs, and have a rotative speed usually less than 120 revolutions per minute. 


Dr. Emery says: “The figures in this column [referring to the 
water rates assumed for comparison, as given in column /'| are 
not intended to be averages of those given in column ¢, but those 
which can be safely depended upon under conditions of practice 
with the load varying between considerable limits, thereby _ | 
affecting somewhat the economy. It is believed, however, from Bs oe. 
a careful consideration of all the evidence available on the sub- a 
ject, that the figures given are all that can be depended upon . 
under average conditions of practice. Engines operating cotton eae 
mills, or large numbers of machines of any kind under condi- i 
tions securing a substantially uniform load, necessarily give es 
nearer the maximum results shown in columne; butengines 
generating electric current for eleciric railways, or subject to 

variable loads of any kind, will rarely show economies as low as © 

have been assumed for comparison in column /.” And again : : os 
“The comparison shows the non-condensing engine inferior at ae 
every point to the condensing engine, even if better results [than 
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those given in the table] be obtained for the former in certain 
cases ; still, as has been referred to before, the principal differ. 
ence will be found by causing the quantities in column / to 
approximate more nearly the minimum quantities in column e, 
Some forms of engines undoubtedly accomplish this, but it is be- 
lieved that the quantities stated are nearly correct for average 
good practice with variable loads. Non-condensing engines are 
wasteful of fuel when heavily loaded on account of low expan- 
sion, and at light loads the back pressure forms a large propor- 
tion of the total resistance, whereas condensing engines will 
maintain their economy through a wider range on account of 
reduction of back pressure.” 

It may be well to mention a feature of superiority of the self- 
cooling condenser over a condenser dependent upon a natural 
water supply such as is usually to be had, especially when 
used in connection with steam engines subject to great varia- 
tions of load, as are found in electric-railway, rolling-mill, 
and similar irregular work. It is substantially correct to say 
that not less than half of the condensing apparatus in use in 
connection with stationary engines is located so as to be 
compelled to lift the injection water at least 16 feet, and a 
number as high as 20 to 22 feet. This is caused by the fact 
that the stations or mills, if they are alongside of a river, are 
usually placed upon moderately high and firm ground. The 
result of this arrangement is that, in case of a sudden over- 
load of the engine by which steam may be carried three-fourths 
of the stroke instead of one-fourth of the stroke as normally, 
the condenser is not capable of maintaining the full degree of 
vacuum, and when the vacuum falls, as it must necessarily, 
unless a very large and extravagant amount of water is being 
passed through the condenser, to a point below that due to 
the suction lift plus the friction in the pipe, say to twenty 
inches, then the water is lost entirely, and the engine must 
either be run non-condensing or the condenser cooled off and 
started by means of a forced injection from some outside source. 
This is a very undesirable occurrence in an electric railway sta- 
tion, as can readily be understood. With the self-cooling con- 
denser, however, having the suction lift reduced to a few feet, 
and a supply of water on hand entirely free from débris or for- 
eign material such as would cause the stoppage of the injection 
supply, an overload may come to the condenser and the vacuum 
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temporarily fall to a point as low as ten inches without becom- 
ing entirely lost. Just as soon as the cut-off again takes place 
at an earlier point, the vacuum will return to the normal degree 
without the extreme annoyance of shutting down or of cooling 
and priming the condenser. 

Many of the plants erected during the early history of electric 
lighting were located without the advice of qualified steam en- 
gineers, or the benefit of advanced practice. The question of 
the economical production of power was lost sight of in the 
strife to be the first in the field with the electric light. Further- 
more, it was expected by some that electricity would be so 
cheap as to render it unnecessary that the cost of its production 
be taken into consideration. This, however, has now assumed 
quite a different aspect, and the power plant is conceded to be 
the main feature in the success or failure of an electric lighting 
or power venture. 

Those companies with generating plants away from a natural 
water supply, such as a river or a canal, are severely handi- 
capped in the matter of cost of power by competitors who have 
been more fortunate in the locations selected, and who, by 
means of condensation, are able to produce power at very much 
less expense. On the other hand, it may be said that sites 
along water fronts in large cities are expensive, and are often at 
a long distance from the centre of distribution of the electric 
current, making necessary the use of lengthy and costly con- 
ductors to transmit the current. By the use of the self-cooling 
condenser, the advantages of condensation can be added to 
those of central and already determined locations, and the plant 
placed nearly, if not fully, on a par with the best and most 


recent practice of condensing engines with natural water a 


7 Dr. Chas. E-.. Emery.—Mr. Alberger is entitled to the thanks of 
the Society for the presentation of the details of construction and 
of actual results obtained with modified air condensers on a large 
scale, or, more strictly, with apparatus for cooling water of conden- 
sation with air. The evaporation and consequent waste of a 
portion of water have a very important, though not governing 
influence on the result. Condensers of this kind have heretofore 
generally been made with shallow pans over which the water 
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flowed and between which air was circulated. The method shown 
appears to be quite effective, and should tend to promote the in- 
troduction of this very desirable and important type of condenser. 
Little can be said in discussion of the paper, for it is very com. 
plete in itself. It will be interesting in a scientific sense to have 
experiments made directly with and without the condenser. My 
paper before the Institute of Electrical Engineers on “ The Cost 
of Steam Power,” quoted from, was of course written without havy- 
ing any such comparisons in view; but I cannot criticise the addi- 
tional application, and think that the results shown will be 
sustained in practice, with the exception, perhaps, of some 
modifications due to the efficiency of the heaters employed. All 
the heat imparted to the feed water by exhaust steam is saved, 
whereas the heat in the exhaust steam from the auxiliaries is 
neither lost nor gained if steam be entirely condensed. The 
power is, however, under such circumstances obtained without 
cost and the exhaust simply returns to the boiler nearly all the 
heat taken from it for the particular purposes. 

Mr. William Kent.—Those of us who had the good fortune to 
visit Paris in 1889, and accepted the invitation of M. Popp to 
visit his system of compressed air, may remember the enormous 
cooling tower he had for cooling the condensing water. It is 
described by Mr. Alberger’s paper as a tower of brush and faggots 
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_—a great wooden structure filled with brush from trees, tied 


together, and the water distributed over that immense structure. 
There is no doubt that the cooling tower described by Mr. Al- 
berger will do the same work with a great saving of real estate 
and probably of expensive construction. I would like to ask Mr. 
Alberger if that tank in Fig. 139 is made of wood. It appears to 
be, in the figure. 


Mr, Alberger.—No ; it is made of steel. 


Mr. Kent.—I suppose in some cases it could be, as there is no 
pressure. 
Mr. Alberger.—It is not required to stand pressure. tai a 


ae Kent.—So that this structure could be made of boards? 
Mr. Alberger.—Yes. 


Mr. Kent.—He states in another place that these tiles are 
preferably six inches in diameter. I would like to ask, why 
preferably six inches? Why not four inches or three inches? 
It seems the smaller the tube the greater the surface for a given 
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_ greater the surface which can be put in the tower, but not exactly 
for a given weight, because tiles have considerable thickness.’ 
c A point which has to be considered, in addition to the question of 
surface, is free area for the air. It is very desirable, of course, to 

_ keep the power down which is to drive the fan and circulate the 

air, and the larger the free area through the tower for the air the 
less power will be required to circulate it. The whole scheme is 
to circulate air under very low pressure, simply to cause it to 
travel over the surface, and six-inch tiling has been found to keep 
_ the machine within a reasonable size and operate effectively. It 
is the regular size of tiling, easy to handle, and does not put too 

- much clay in the structure. 

Col. E. D. Meier—I think it is especially fortunate that this 
paper should have been read at the St. Louis meeting. We 
require something of the kind here, perhaps, more than anywhere 
else. As you must have noticed, the river water here is very 
muddy, and, consequently, it is a pretty difficult thing to get 
along with surface condensers there. Otherwise, if it had not 
been for that difficulty, we should probably have had more large 
plants located right on the river front for the purpose of using 
that water. I have in mind at least six large plants—electric light 
and electric power plants—in this city, which could, I think, be 
induced to use such a cooling tower and condenser, and which 
would get great advantage from it. There is one advantage in a 
plant of that kind, outside of the economy, which Mr. Alberger did 
not notice, and that is, that some of those plants have been placed 
right in the residence district, on account of mistaken advice by 
electrical experts in the early times—that is, early times of elec- 
tricity, about five or six years ago—that it was necessary to put 
those plants right in the middle of the length of the electric lines ; 
and as the electric lines are now extended, instead of being in the - 
middle, they are one-quarter inside and three-quarters outside. 
The exhaust steam becomes a positive nuisance to the neighbor- 
hood. Now, they would do away with that nuisance, and save a 
lot of money at the same time. I think Mr. Alberger had better 
stay here and see if he cannot put in about six of them before he 
returns to New York. 
Mr. Kent.—They need them in New York more than they do 
here. 
Mr. W. H. Bryan.—I would just like to ask Mr, Alberger, in 
42 
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Mr. Alberger.—That is correct. The smaller the tube the 
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the case of surface condensers, where the water of condensation 
and the circulating water are kept separate, how much of the cir- 
culating water would have to be added. 

Mr. Alberger.—The evaporation in the tower is, on an average, 
about eight-tenths, we may say, of the steam condensed—it 
varies, you can readily understand, according to the condition 

of the atmosphere. But we have saved water, and have had a 
little to spare, just enough to spare to cause a slight overflow to 
_ take place in the tank ‘and carry off the oil and dirt and scum 


_ which come from the lubrication of the engine. a: 


Mr. Bryan.—You actually use less water than before ? ine 


_ Mr, Alberger—Yes; we not only save water by increasing 
economy in the engine, that is, by giving it the benefit of the 
- vacuum—20 to 30 per cent. economy—but we also save some 
_ water in the tower, making the total cost of water to be purchased 
from the city from six-tenths to seven-tenths of the previous 
- amount, depending, of course, upon conditions. 
Prof. W. F. M. Goss.—I would like to ask whether any trouble 
is experienced from the presence of the oil in the exhaust steam. 


Do these condensers foul, and, if so, is it necessary to clean them? 


and how much of a job is it to clean them ?—if it is necessary. 

Mr. Alberger.—Do you refer to surface condensers or jet con- 
densers? I have used both systems. 

Professor Goss.—I thought that in either the water for conden- 
sation passed through these tiles or over the tiles. 

Mr. Alberger.—It does, yes. With surface condensers, of 
course, the oil does not get on the tiles. It goes, as in ordinary 
surface condensers, to the hot well, and then to filters or settling 
devices, where the oil is removed. But with the jet condenser, 
where the water of condensation, together with the water from 
the condensation of the steam, is discharged continuously over 
the filling of the tower, the oil accumulates in the suction tank. 
The tiling soon becomes covered with a thin coating of hardened 
grease, and the inside of the shell is entirely covered with this 
same material. I have had these machines running two years, 
and they are well greased and in a thorough state of preservation. 
They will stand indefinitely before they would become stopped 
up. 

Mr. Kent.—Is there any good oil filter ? 

Mr, Alberger.—That is as you to discuss. 
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THE EFFICIENCY OF A IS Ir? 


JHE EFFICIENCY OF A STEAM BOILER—WHAT 


THE paper is offered as a to ‘the dis- 


mecting in June of last year, and continued by Dr. Chas. E. © 
Emery’s paper, presented at the New York meeting in o we 
vember. (7'ransactions, vol. xvi., p. 962; xvii., p. 237.) on 
Within the past few years there has been developed on the at ms, 
part of some engineers a tendency to discredit the “pound of __ 
combustible.” Mr. E. D. Meier, in the discussion of Mr. Dean’ = - “hae 
paper (p. 980), says: “I cannot agree with him [Mr. Dean] in 
regard to retaining that indefinite quantity, the pound of com- "4 
bustible, at all.” Mr. W. H. Bryan (p. 988: says: “It seems to ea 
me, also, that we should discontinue the use of the term ‘com- a | . ‘aa 
bustible,’ which is now worse than misleading.” Mr.RobertW. 
Hunt (p. 994) says : “ The theoretical ‘ combustible’ as obtained 
from the analysis [Note by W. K: It is not usually obtained 
from the analysis, but from the boiler test] is of no value to him 
[the owner of the boiler] when his grates will allow twenty per 
cent. of the fuel to pass through. This would give a high evap- _ 
oration per pound of combustible, but the cost of making steam 
would not be lowered. Combustible is an extremely elastic 
term, and a dangerous one.” Prof. W. B. Potter (p. 999) says: 
“It is curious to see what a prejudice remains in the minds of 
engineers in favor of that ancient fraud, the pound of combus-— 
tible. . . . It is greatly to be hoped that revision of the 
code will result in the final and effectual removal of the pound 
of combustible.” 
: Mr. Dean, in his paper read at the Detroit meeting, proposed 


* Presented at the St. Louis meeting, May, 1896, of the American Society ea i. 
Mechanical Engineers, and forming part of Volume XVII. of the Transactions. 
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to include in the report of a boiler trial the efficiency, defined 


thus: 


Heat units imparted to the boiler per pound of dry coal. 
Number of heat units in a pound of dry coal by analysis. 


(a) 
(b) Heat units imparted to boiler per pound of combustible. 
Number of heat units in a pound of combustible by analysis. 


In Mr. Dean’s paper as printed in the T'ransactions, vol. xvi., 
p- 966, the definition is revised as follows : 


ae Heat usefully absorbed from 1 Ib. of combustible. 
y= ~~~ Heat value of 1 Ib. of combustible. 


Mr. G. H. Barrus (p. 971) objects to the words “ by analysis” 
and would substitute “ by oxygen calorimeter.” 

Mr. Bryan (p. 988) would discard the ‘“ combustible ” alto- 
gether, and use the efficiency obtained from coal, as in Mr. 
Dean’s first definition. . 

What the owner of the boiler wants to know concerning the 
economy of the boiler is, “ How many pounds of water will it 
evaporate per pound of coal?” The economy of an engine is 
usually expressed in “ pounds of water per hour per horse- 
power,” and in “ pounds of coal per hour per horse-power.” 
Knowing the pounds of water per hour required by the engine, 
the pounds of water evaporated by the boiler. per pound of coal, 
and the price of the coal, the engine owner can then figure the 
cost of fuel per hour per horse-power. Hence arises the neces- 
sity for the report of a boiler test stating the result in 
“pounds of water evaporated per pound of coal under actual 
conditions ” (1). 

For comparing different tests, however, the conditions of feed- 
water temperature and steam pressure must be reduced to a 
uniform standard ; hence it is customary to reduce the result (1) 
to the “ equivalent pounds of water from and at 212 degrees per 
pound of coal ” (2). 

But coals from any given district vary in percentages of mois- 
ture and ash (largely in moisture if transported during rainy 
weather); hence for a further reduction to a standard of com- 
parison we divide the result (2) by the percentage remaining 
after deducting the percentage of moisture (determined by dry- 
ing a large sample, say 100 pounds, at the time of the boiler 
test), and the percentage of “ash and refuse” (determined by 
weighing all the ash and refuse withdrawn from the furnace 
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during the test). This gives us the “ pounds of water evaporated 
from and at 212 degrees per pound of combustible ” (3). 
‘These three results have been included almost universally in 
the reports of all boiler tests that have been published both in 
_ this country and in Europe during the past fifty years or more. 
Let us now consider two ideal boiler tests in which, after 
_ obtaining the ordinary results, pounds of water evaporated from 


and at 212 degrees per pound of coal and per pound of combus- 


 tible, we attempt to obtain the “efficiency.” The coals are, say, 
- Pocahontas, Coal A, and Indiana Block, Coal B. The tests are 
- made with the same boiler, and under the same conditions as 
far as possible. The steam is assumed to be dry saturated, and 
the temperature of the flue gases 500 degrees Fahr.: The engi- 
neer, with no other apparatus than platform scales, tanks, ther- 
mometers, and a steam gauge, obtains the results : 


A B 
Pounds of water from and at 212 degrees per pound coal ... 11.04 7.65 (1) 


The sum of the “ash and refuse” obtained in the test, and 
the moisture obtained by drying a sample of the coal, is, A, 8 


per cent.; B, 15 per cent.; making what the engineer calls com- 
bustible, A, 92 per cent.; B, 85 per cent.; and from this we 
obtain : 


Pounds of water from and at 212 degrees per pound combus- 


From results (2) the engineer, knowing what results are usu- 
ally obtained with Pocahontas and with Indiana coals, can form 
a fair opinion as to whether the boiler is doing what it ought to 
do, and what changes in rate of driving, setting of furnace, 
method of firing, etc., may make it do a little better. Until the 
term “efficiency ” had been introduced into guarantees it would 

also determine whether or not the boiler had filled its guarantee. 
The results (2) could also be compared with the published re- 
sults of all the tests that have been made during the last fifty 
years, and conclusions could be drawn from the comparison. 

From results (1) the boiler owner, knowing the price of the 
two coals, could determine which one was most economical for 
him to buy, and the fuel cost per horse-power per day. Thus 
far, all the work has been done by the engineer with ordinary 
apparatus, and neither the chemist nor the fuel calorimeter 
expert, necessarily involving additional expense, has been called 
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in. But the “ efficiency ” of the boiler is desired. How shall 
we obtain it ? 
The first thing required is a correct average sample of the 
coal used during the test. The use of a sampling machine, 
such as would be used in sampling silver ores, in which the 
whole of the ore is passed through the machine, is impracti- 
cable, so the engineer takes a shovelful of coal from the pile at 
frequent intervals during the test, and thus gradually accumu- 
. lates a barrelful. The barrel is dumped on the floor, and by 
repeated quartering a sample of from five to fifty pounds is ob- 
_ tained, which he sends to the chemist and to the calorimeter man. 
Who knows whether this sample is a correct average of the 
coal used in the test, or how much it is air-dried during the 
-__- process of accumulating the barrelful, during the quartering, or 
during the subsequent transportation, mixing, quartering, etc., 
to which it is subjected before the chemical or the calorimeter 
test is made? The error of the sample may be two or three 
cent or more. 
The chemist reports his analysis as follows : 


‘ci A, Pocahontas. B, Indiana Block. 

495 
0.66 
0.61 
1.54 a 

1.29 


100.00 
Calculated by Dulong’s formula, 
B. T. U. = 14,500 le + 498 | 
the heating power of the coals is, A, 14,915; B, 12,457 (3). 
Subtracting the ash and moisture, 2.83 per cent. in A, and 9 


per cent. in B, we obtain : + 
A B 
Heating power of the ‘“‘ combustible’”’..... 15,349 13,689 (4) 


Let us suppose that the fuel calorimeter man, by accident, 
also finds that his samples contain respectively 2.83 and 9 per 
cent. of ash and moisture, and he reports the heating value as 


follows: 
A B 
Per pound of coal 14,318 11,211 
Teg Per pound of combustible 14,735 12,320 
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The heating power of A is 4 per cent. less, and that of B 10 


per cent. less, than that calculated from the analysis. These 


differences between results calculated from analysis and those 
- found by the calorimeter have actually been obtained by a 
_ chemist to whom Mr. F. W. Dean sent samples of coal of the 
same class, viz., Pocahontas, as shown below. Scheerer-Kest- 
ner, however (see table in Dr. Emery’s paper read at the last 
meeting, November, 1695), found the heating power of one coal 
(coking coal from Anzin) 18.8 per cent. greater by calorimeter test 
than that calculated from analysis; and in nineteen coals tested 
by him found the calorimeter result greater in every case except 
one, which was 4.6 per cent. less. These variations in calorim- 


3 eter tests certainly throw doubt on all calorimeter work until a 


sufficient number of tests shall have been made by different experi- 
- menters and with different calorimeters upon similar samples, 
- and until tests so made show a reasonable degree of uniformity. 
In the present state of our knowledge upon the subject, who 
is to decide which of the results (3), (4), (5), and (6) is to be ac- 
cepted as accurate ? 

The engineer, having obtained these results, is now ready to 
make his calculations of the “efficiency” of the boiler. His 
own results he is sure of, within the ordinary limits of error of 
a boiler test. They are: 

Pounds of water from and at 212 degrees per pound of coal 11.04 2.65 (1) 
Pounds of water from and at 212 degrees per pound of combustible 12.00 9.00 (2) 

Multiplying these figures by 965.7 he obtains the heat units 
absorbed by the boiler, as follows : 

Heat units absorbed per pound of coal 10.661 7,388 (7) 
11,588 8,691 (8) 
Figuring first from coal, dividing (7) by (3), he obtains : 


Efficiency (7) + (3) 71.48, 59.81¢ (9) 
74.46% 65.90% (10) 
Figuring now from combustible, he obtains : 
Efficiency (8) + (4) 75.50% 638.49¢ (11) 
+ 78.64% 70.54¢ (12) 
The results (9) and (10) express the ratio of the heat absorbed 
by the boiler to the heat units in the coal (including its moist- 
ure and ash) fed into the furnace. The results (11) and (12) 
express the ratio of the heat absorbed by the boiler to the heat 
units in the combustible portion of the coal that was burned in 
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the furnace—that is, the coal fed minus the deduction for moist- 
ure and the refuse coal and ashes withdrawn from the furnace. 
The latter express the efficiency of the combination of the boiler 
as an absorber of heat, and of the furnace as it more or less 
completely burns the combustible gases; the former the efficiency 
of the combination of the boiler, the furnace, the spaces between 
the grates which allow unburned coal to fall through them, and 
the method of stopping the test, by which a greater or less 
quantity of coal is withdrawn with the ashes. Can any one of 
them properly be called the efficiency of the boiler, and if so, which 
one ? 

After the boiler owner has received the report of the re- 
sults (9), (10), (11), and (12), how much wiser is he than he 
was when he received the report of results (1) and (2) only, with 
the comparison of these results with those observed from other 
boilers using the same kinds of coal? Can he with these later 
results figure any closer than before the cost of fuel per 
horse- power, or does he know any more about the relative values 
of different boilers, or different kinds of fuel? If these results 
have any value, is it sufficient to warrant the engineer asking 
the boiler owner to go to the expense of having chemical and 
calorimeter tests made ? 

Enough has been said to show the uncertainty, in the present 
state of our knowledge, of the accuracy of tests by the fuel 
calorimeter. Are we any more certain of the results of ultimate 
chemical analysis ? 

Mr. Dean has furnished me the following results, which he 
obtained from a chemist, of the analyses of twelve samples of 
semi-bituminous coal. The first five are Cumberland coal: 


No. 3. 


aS & 


3| 
S| SERS 


Heat units, calculated > 
Heat units, by calorimeter............. ° 


Per cent 


Heat units per lb. combustible, calculated....| 15,284 15,956 
Heat units per lb. combustible, by camcannd 14,917 


i No. 1. | No. 2. | lo. 4. | No.5. | No.6. - 
| 
| 
100.00 | 100.00 100.00 | 100.00 | 100.00 
Ri _...| 14,182 | 14,909 | 14,389 | 14,990 | 14.240 | 14,8088 
18,452 | 14,092 | 18,468 | 13,6800 
6.51 5.99| 5.46) 8.18 
15,796 | 15,858 | 15,99 
14,849 | 14,520 | 14,687 
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Nos. 6 to 10, inclusive, are Pocahontas. No. 11 is called 
Clinch Valley. No. 12 is from New River, W. Va. 


No. 7. | No. 8. | No. 9. | No. 10. | No. 11. | No. 12. _ <j 
0.55 0.60 0.69 | Dry Dry 
87.86 | 80.28 | 8227] 87.70] 79.28) 88.42 
5.17| 4.75) 4.58] 5.20] 5.22] 550 
3.77 7.76 6.15 2.68 5.09 | 
1.65] 5.18) 4.88) 2.49, 8.60) 407 
0.53 | 0.48) 0.68| 0.59) 0.67 
AG 
100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 ZA 
Heat units, 15,657 | 18,978 | 14,265 | 15,729 | 14,850 | 15115 
Heat units, by calorimeter..,..............+++ 14,092 | 13,450 | 13,604 | 14,654 | 13,401 | 14,026 i! wi 
1,565 | 528 | 661| 1,075| 949) 1,089 
Heat units per lb. combustible, calculated....| 16,009 | 14,828 | 15,106 16,131 | 15,700 | 15,756 7 = 
Heat units per lb. combustible, by calorimeter} 14, 409 | 14 267 14,406 | 15,028 | 14,662 | 14,621 


, 


In these analyses we notice, (1) that they all add up to exactly 
100 per cent., showing that some one of the elements must have © 
been obtained “ by difference”; (2) that the nitrogen in six out = 


of the twelve analyses is exactly 1 per cent., in two others 1.25, — i - 


in another 1.50, and in another just 2 percent., which raisesasus- 
picion that the nitrogen was “ estimated ” and not exactly deter- “ 
mined ; (3) that coal No. 7, which shows the greatest difference 
between the heat units as determined by calorimeter and as cal- 
culated from the analysis, also shows by analysis the highest ets 
heating value with one exception; (4) that the coal which has — pa 
the lowest heating value, as calculated from the analysis, also * Hy 

shows the smallest difference between that value and the value 


found by calorimeter. These facts do not demonstrate that any ay 


of the analyses are in error, but they do throw suspicion on =—- 
them. Comparative accuracy in iron and steel analysis has 
only been attained after years of experiment and comparison of a ; 


results obtained by different chemists. I have yet to learn of tay 2 


any duplicate samples of coal having been analyzed by two or be. Pr" 
more different chemists for the purpose of checking results. %) a 
Until this is done, and until more definite information in regard © ee Ep s 
to the accuracy of analyses of coal is obtained than we now — “e ‘ 


have, any analysis must be open to more or less suspicion of 1h a 


inaccuracy. a 
Another objection which may be made to the use of “effi- 


ciency ” as a standard in commercial boiler tests is the follow. ¥e 
ing: In boiler tests made to compare two competing boilers, or a 
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to determine the fulfilment of a guarantee, when there is a pre- 
mium or a forfeit at stake there are usually two parties to the 


test, whose interests are antagonistic, the competing boiler 
_ makers or the boilermaker and the purchaser. In the ordinary 


test in which the evaporation per pound of combustible is the 
standard the boilermaker has the privilege of using the best 


coal he can obtain of the kind named in the contract, and both 
parties are represented at the test by experts who check the 


accuracy of every recorded observation. There is no diff- 
culty in their obtaining identical results, for the platform scales, 
tanks and other instruments are standardized, and the weights 


and measurements are easily verified. But when “ efficiency” is 


adopted as a standard, who is to verify the work of the chemist, 


- or who shall determine the accuracy of the fuel calorimeter? 


When ores are purchased on certified chemical analyses, the 
chemist himself or his representative, as a disinterested party, 


_ does the sampling, but in a boiler testthe chemist or the calo- 


rimeter expert merely certifies that the particular sample which 


_ has been sent to him, ‘‘ as received ” has such a chemical analy- 


sis or such a heating value. There is no check upon his work, 
and each party to the test takes the risk of his inaccuracy, which 
may be serious. — 

TI am informed that in a recent boiler test at St. Louis, a boiler- 
maker was subjected to a forfeiture of several thousand dollars 
as a result of his failing to show a certain guaranteed “ efficiency.” 
I think it more than probable that if the coal used in that test 
had been differently sampled, and if its heating value had been 
determined by a different chemist or by a different calorimeter, 
the amount of the forfeiture would have been greatly dimin- 
ished. 

The agitation in favor of the use of the “ efficiency ” of boilers 
as a standard of comparison has already extended so far that 
some engineers who frame specifications for contracts are 
including “ efficiency” as among the things to be guaranteed. 
Two examples of this have recently come under my notice. 
The first specifies that “the contractors are to state the effi- 
ciency they will guarantee from coal having a calorific value of 
12,000 B. T. U.; if fuel with different calorific value is used in- 
making the test, correction will be made.” The second worded 
the specification to the effect that contractors will be required 
to state the efficiency they will guarantee from the coal now 
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will have a calorific value of not less iden 10,500 B. T. U. 

In neither case was any definite information given concerning — 
the nature of the coal to be used in the test, nor was it cate fees 
whether the calorific value was to be determined by analysis or > : 
by calorimeter, or by whose calorimeter. The ee 


not only has to fix his price on the wanel basis of cont plus 
profit, modified possibly by his anxiety to get the job and by | 
his opinion as to what competition he is to meet, but he has to © 
guess at what kind of guarantee his competitors will give, 2 
knowing that the competitor who knows the least about | 


guarantee. In one of these cases, I was asked by a boilermaker, 
who proposed to bid, what guarantee I would advise him to te 
make. I have made a great number of tests with Western coals, _ on jam 

‘with different boilers, and am well acquainted with what can be _ ee ee: 
done by this maker’s boiler with anthracite and with semi- 
bituminous coals, but I could not give any advice concerning this 
guarantee. I would like if those who may discuss this paper  - 
would give their opinions of what kind of guarantee should be 
given on these specifications, assuming that the boiler was ee . 
a horizontal tubular or a Heine water-tube, amply proportioned — 
in every respect, and set with an ordinary grate for hand firi ing. 

My own opinion is that not enough is yet known concerning 
the calorific power of Western coals, concerning the method of 
determining their calorific power, nor concerning the “ effi- 
ciency” of boilers, to warrant efficiency being considered as an 
accurate standard of comparison, nor of its being specified in 
guarantees. I would especially condemn the particular method 
of specifying it which is used in the two examples given above. 
If an engineer believes that “efficiency” is a proper standard : 
for bidders to be governed by and to guarantee, then he should 
state in his specifications what kind of coal will be used in the 
test, what percentage of efficiency is required, and how the effi- 
ciency is to be determined ; if by analysis, by what chemist ; 
and if by calorimeter, by whose calorimeter. 

T have no objection whatever to the use of the term “effi- 
_ ciency ” in reports of boiler tests, whenever the heating value of 
the coal can be determined, whether by analysis or by calorim- 
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mye 


eter. A knowledge of the efficiency may be of great value for 
scientific study of comparative boiler tests by the boiler maker 
and by the engineer, and the efficiency may be “conveniently 


ored evaporation per pound of coal and per pound of combusti- 
ble, but I would by no means substitute it for these results, and 


_ Postscript.—Since the above was put in type, I have received 
the results of calorimetric tests, by two different calorimeters, of 
two coals which I recently used in testing a boiler. One coal 
-. (C) was from Jackson Co., Ohio, and the other (D) was from 
New River, W. Va. The results obtained in the boiler test 
were as follows: 


C. D. 
Water evaporated per Ib. coal, actual conditions........ Ibs. 6.793 9.649 (1) 
from and at 212 degrees... 8.188 11.618 (2) 
combustible ‘“ 8.577 12.252 (8) 
Ash and refuse, per cent, ........ 4.527 5.158 (4) 
Heat absorbed by the boiler, per Ib. coal........... B.T.U. 7,907 11,220 (5) 
combustible... . 8,283 11,853 (6) 


The moisture in the coals was not determined during the 
boiler test, but they both appeared to be quite dry. The 
- moisture found in the calorimeter samples of coal C, 3.83 and 
$8.94 per cent., gives rise to a suspicion that either the crushed 
coal is very hygroscopic, or that what was determined as 
“ moisture” may in part have been volatile matter. The results 
(3) of evaporation per pound of combustible have been calcu- 
lated from (2) by deducting the ash and refuse only, no account 
being taken of the moisture. 

The first calorimeter test was made by Prof. R. C. Carpenter 
on his calorimeter, described in vol. xvi. of the T'ransactions, p. 
1,040. He reported the proximate analysis of the coal as 
follows : 


a Coal C. Coal D. 
Moist Com- Moist Com- 
Coal. bustible. Coal. bustible. 
32.07 35.76 20.92 22.24 
57.60 64.24 72.90 77.76 
6.50 5.00 


recorded in the result of a test as an addition to the time-hon- . 


especially I would not advise its adoption as a commercial — 
_ standard to be specified in contracts or in guarantees. 
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The ash found by this analysis in coal C is greater than that 
found:in the boiler test. This is probably accounted for by the 
fact that the coal was fed by the American underfeed stoker, 
and was so thoroughly burned that no unburned coal whatever 
appeared in the ash, while the ashes were exceedingly light, 
and to some extent were blown by the forced blast as dust into 
the flue leading to the chimney. Coal C was dry-burning, or 
non-coking, which facilitated this blowing of the ash dust, while 
coal D was a coking coal, and the coking prevented the ~<a ila 
of the dust. 

Duplicate samples of the coal, which had been crushed Sa 
thoroughly mixed by Prof. Carpenter, were sent to a chemist a 

_ Boston, who used the Lewis Thompson calorimeter. 
_ The results of the calorimeter tests are as follows: 
C. D. 

Heat units per lb. coal, Carpenter cal. B. T. U 18,170 15,200 

Heat units per lb. coal, Thompson cal. B. T. U ,913 13,066 

Heat units per lb. combustible, Carpenter cal. B. T. U. 14,620 16,210 

Heat units per lb. combustible, Thompson cal. B. T. U. 13,302 13,799 (10) 

Difference between results (9) and (10), B. T. U 1,318 2,411 

Diff-rence, per cent. of greater percent. 9.02 14.87. 

_ The heating value per pound of combustible was not reported 
by the Boston chemist, but he reported the moisture in coal 0 — 
to be 3.94 per cent. and in coal D 0.31 per cent. Taking these | 
_ figures for moisture and Prof. Carpenter’s figures for ash—viz.: o 
6.50 per cent., D 5.09 per cent. —the results (10) have been caleu- _ 
a lated from the results (8). The “efficiency ” of the boiler, as 

- calculated from the above data, is as follows : “ 

Figuring from coal : Cc. D. 
Results (5) + (7), Carpenter calorimeter, per cent. 60.04 73.82. 


Re-ults (5) + (8), Thompson calorimeter, per cent. 66.37 85.83. 
Figuring from combustible : 


Results (6) + (9), Carpenter calorimeter, percent. 56.66 73.12. 

Results (6) + (16), Thompson calorimeter, per cent. 62.27 85.17. 
The efficiencies figured from combustible for coal C might be 
raised to about 60 and 65 per cent. respectively, ifthe moisture 
~ in the coal had been taken account of in figuring the results (3) 
of the boiler test. As the above record stands the “ efficiency ” 
of the boiler may be anywhere from 56.66 to 85.83 per cent., 
according to how the results are calculated and what calorimeter 
_isused. The high figures, 85.17 and-85.83 per cent., might be 
useful for advertising purposes—and they suggest that the way 
to get a high “efficiency ” for a steam boiler is to use the Lewis 
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~ Thompson calorimeter to determine the heating value of the 
_ fuel—but they are utterly untrustworthy. This may be shown 


the following calculation : 


Heat absorbed by the boiler per 1b. combustible, B. T. U 

Loss of heat in the chimney gases: temperature, 480°; tem- 
perature of airin boiler room, 90° ; estimated air used per Ib. 
of combustible, 24 lbs., or double the theoretical amounts ; 
24 Ibs. x 0.24 specific heat x 390° 

Estimated loss by radiation, 4% of 11,853 


Excess 
or 6.3 percent of the reported heating value of the coal, no 
allowance being made for loss due to imperfect combustion. 
These calculations, I submit, demonstrate the total unreli- 
ability of the “ efficiency,” as at present determined, for a com- 


mercial standard for boiler tests. 


DISCUSSION. 
Mr. Geo. H. Barrus.—It seems to me to be premature and 
unwise to present this subject before a general meeting of the 

Society when, as the author intimated, it has been made a matter 

be considered by a specially constituted. committee, before 

which it must come for action and recommendation. 

This paper is not in any sense an action of the committee, but 

must be viewed as an individual matter on its author’s own 
responsibility. 
Col. E. D. Meier.—Myv. Kent objects to the comparison of the 
performance of different boilers in terms of efficiency, and holds 
that the old method of comparing the work by the amount of 
- evaporation per pound of combustible is better and safer alike for 
the engineer and for the owner of the plant. I do not believe 
that any one of those who object to the use of the pound of com- 
bustible in work of this kind intended any unfavorable criticism 
of the work of the former committee of this Society which formu- 
lated the code for boiler tests. We all acknowledge that those 
gentlemen did good and conscientious work, and this is shown by 
the very general acquiescence in their methods. But we all of us 
base our judgment on our experience, and when we consider any 
abstract question, our reasoning is always affected by our experi- 
ence. It is very fortunate that it isso. Now the gentlemen who 
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composed that committee probably had at that time more experi- — oe 
ence in boiler testing than an equal number of engineers any 
where in the Union. But I believe I am well within the mark — is. 
when I estimate that there are ten boiler tests made to-day ce age 


one made in the period when that report was framed, and the _ ae 
vast majority of the tests then made wererun on such coalsasare  —™S 


regularly used for the making of steam in the section of the , 
country lying east of the Alleghany. Mountains. This limited the 
experience of the members of this committee practically to anthra- ; 
cite and Cumberland (semi-bituminous) coals. Now anthraciteis 
a coal which, like Jeff. Davis and his friends, simply requires to 
be “let alone.” Cumberland also requires little manipulation 
after it has once been properly distributed on the grates. I have 
known tests run on Cumberland coal—and for that matter on ~* _ 
anthracite coal—where, during a ten-hour test, no general clean- 
ing of the fires was resorted to. Contrast with this the coals in = = ag 
general use in the vast and growing industrial region west of the er ia 
Alleghanies and in the Mississippi Valley. With most of the sntg Bi 
coals in general use here, it is necessary to clean fires once in 
three or four hours, and much depends on the skill of the fireman _ 
in taking out the clinker in as short a time as possible, to reduce . 
the loss due to the open fire door. Here is a radically different ‘* 
set of conditions. The pound combustible as defined by Mr. ae - 
Kent as what remains after deducting the moisture and the ash ~ 
and refuse, is something quite different in the case of Cumberland ato 
or anthracite coal from what it is in the case of Belleville coal or 
Streator coal. “Mr. McMynn, of Chicago, whose experience has 
lain largely with coal of this latter quality, and who is almost © 
constantly engaged in boiler tests, says: “The main objection to 
calculating efficiency from the evaporation per pound of combust- 
ible is that no two firemen will ever make just the same amount “it 
of ash, and it also gives a chance for error because it puts a pre- ° ae 
mium on dropping good coal or half-burned fuel through the 
grates, for of course the greater the amount of ash the higher the ary 
evaporation per pound of combustible.” His extensive experi-— ee 
ence shows him what is apt to happen when coal of from 40 to ack 
es per cent. fixed carbon and from 30 to 40 per cent. volatile matter 
is being fired. The experience of the older committee was with fe ee 
coals running from 75 to 80 per cent. fixed carbon, and perhaps — Pages a 
-7 to 15 per cent, volatile matter. Even supposing the firemanto 
be perfectly honest and intelligent, it is practically impossible for | ; 
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him to prevent large quantities of coke being mixed with the 
cinders and slag he draws from the furnace when cleaning fires, 
Not only does a vast quantity of cold air rush in during the opera- 
tion, but a large amount of heat is withdrawn from the furnace in 
the clinker. That both these causes are much more effective in 
reducing the apparent economy of the plant when we are dealing 
with coal which has from 10 to 20 per cent. of ash than when using 
such as hold from three to six per cent. is readily seen. In de- 
ducting the moisture obtained by drying a large sample over the 
boiler flue, there is a chance for a large error, because much of 
the volatile matter leaves the combination at a low temperature 
if long enough exposed. It is certainly much easier to get edu- 
cated engineers to agree on the kind of calorimeter and the 
methods of making tests of the heat value of the coal than to get 
all the firemen of a given district to work with equal skill and 
equal conscientiousness in cleaning fires. There is a much greater 
error in thus drying a large sample of coal on the flue than that 
due to possible air drying during the process of accumulating the 
barrelful for the calorimeter test. Those of us who favor stating 
the efficiency in percentage of the heat value of the coal do not 
imagine that we will get something absolutely correct. But it 
must be remembered that we look to the establishing of certain 
coals as standards for the various great coal districts.- People 
will soon learn that the percentage of efficiency which can be 
obtained in the best practice will be less for Iowa or Illinois coals 
than for Youghiogheny, Cumberland, or New River. Each great 
district will soon have its own record, and these records will be 
nearer the exact truth than could ever-be hoped for in comparing 
the record per pound combustible in two tests, one made on 
Northern Colorado lignite and the other on Pocahontas coal. 

In regard to the question about Western coal which Mr. Kent’s 
boilermaker asks, the answer is simple. The boilermaker will 
do best to ask each expert for an opinion on such coals with 
which he is thoroughly familiar ; for in the others he is no expert. 
And it is just as easy for the New York boilermaker to ask a St. 
Louis or Chicago expert in regard to Illinois coal, as it is for us 
Western men to ask the Philadelphia or New York expert when 
we are called upon to make guarantees on anthracite coal. I 
believe it is a fortunate thing for engineers that this is so. These 
differences, which must be studied with patience and under a 
great variety of conditions, enable each engineer to grow up with 
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_ his own country, and go to prevent a sort of Standard Oil mon- 
-opoly in expert work. 
[heartily agree with Mr. Kent that when an engineer makes 
_ efficiency the standard for bidders he should state distinctly what 
_ kind of coal will be used in the test. For the possible maximum 
_ efficiency varies greatly in coals from the same districts having 
similar calorific value. He should also state by what calorimeter 
the heat value is to be determined, and expert engineers will as 
_ readily use a coal calorimeter as they now do the steam calori- 
meter. The percentage of efficiency then becomes the equivalent 
of the “time-honored evaporation per pound of coal.” But 
neither time nor anything else can put any honor into that hoary 
myth “the pound combustible.” 
If the evaporation per pound of combustible is to be honestly 
and accurately given, why not give the pound of combustible 
actually doing evaporative work in the boiler its honest due? 
Why saddle it with the work of heating up noncombustible ash 
and clinkers to furnace temperature, or of heating up the noncom- 
_ bustible volatile matter to stack temperature? Why ignore the 
fact that the reduction of the initial furnace temperature due to 
the presence of inert nitrogen, water vapor, etc., reduces the dif- 
ference in degrees of heat between the gases of the furnace and 
the water in the boiler on which the activity ‘of the transfer de- 
pends? If the pound combustible is worth any paternal love, it 
is worth more than it gets from its progenitors. 

The example given by Mr. Kent of coals (C and D) illustrates 
the point exactly: That Jackson Co. coal has no doubt a great 
deal of noncombustible volatile matter which had to be heated 
by the actual combustible, so that this poor time-honored misno- 
mer was robbed on both sides. First by: the thief appropriating 
a quantity of heat, and then passing himself off as a part and 
parcel of his victim. 

In this case Mr. Kent himself made both tests, and it was the 

same boiler and same setting. Suppose they had been two dif- 

ferent boilers, one in Ohio and one in New York, would Mr. Kent 

undertake the task of satisfying the average manufacturer or 
steam user that the one boiler was as good as the other? 

In conclusion I would remind Mr. Kent that if he applies the 
deduction made from the difference in the results of the Carpenter 
and the Thompson calorimeter, to the forfeiture made in the 
boiler test at St. Louis to which he refers, the forfeiture would be 

43 
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much for this forfeiture is based on a Thompson 
calorimeter, and the Carpenter calorimeter seems to give much 
higher results. 
— Mr, William H. Bryan.—The contention of those engineers 
_ who have faith in the determination of steam-boiler efficiency is 
_ not necessarily that the “pound combustible” be discarded al- 
i _ together, but that results so stated be given less weight among 
i engineers than heretofore. The objections to the use of the 
- “pound combustible” have been stated frequently, and are well 
We may, however, continue the use of the. term in our 
_ reports, until the steam-using public has been educated up to 
ae appreciate a better form of expression. In my reports I give 
both the “ efficiency ” and the evaporation per “ pound combusti- 
ble,” and you can take your choice. The owner of the boiler not 
- only wants to know how many pounds of water it will evaporate 
By pound of coal, but also what percentage of the heat existing 
in the coal he gets out of it in useful work. The engineer, fur- 
iS  ‘Silaion wants all tests reduced to a common basis for purposes 
comparison. 
I do not believe in drying 100 pounds of fuel at the time of the 
_ test for the purpose of correction. The entire amount of fuel to 
ie be used should, if possible, be air-dried for at least twenty-four 
hours, in thin layefs. 
As to sampling the coal: My own practice is to have the fire- 
_ man take a shovelful out of every 500-pound lot, and instead of 
_ throwing it into the furnace, dump it into the sample barrel. The 
whole sample is carefully preserved and sent to the chemist entire. 
_ I believe this method insures a very accurate sample of the coal. 
My definition of the term “ efficiency” is as stated in (a) of Mr. 
_ Kent’s paper, using the.pound of coal and not the “pound com- 
bustible.” I believe that equation 10, page 649, of Mr. Kent's 
- paper is a fairly correct definition of the efficiency under the con- 
ditions named. 
The expense of a calorific determination is small, and cuts but 
_ little figure in the total expense of a boiler investigation. Most 
of the calorific determinations used by engineers in this part of 
the country have been made by the St. Louis Sampling and 
Testing Works, under the direction .of Prof. W. B. Potter, 
manager. The Thompson calorimeter is used, and the chemists 
_in charge have attained great skill in the use of the instrument, 
under the immediate personal direction of Prof. Potter. They 
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have made many hundreds of such determinations, both from the 
same and from different mines, and they have shown a degree of ks 
consistency which is ample to inspire confidence’in the methods. © 


The question is largely one of chemistry. It would appear reason- <3 ae 


able to expect here the same careful results which we secure from 
trained observers with goud apparatus in any field of engineering | 
observation. I have frequently known samples of the same coal _ 
to be checked by different observers and to agree within reason- 2 
ew limits of personal error. 


there was a fevtuiinies of several thousand dollars. 
that if a different chemist or calorimeter had made the determina- 
tion, the forfeiture would have been greatly diminished. I believe _ 
that, on the contrary, it would have been increased, as the effi- 
ciency then secured has never been reached since, although re- | as a 
peated trials have been made. The case referred to has been 
discussed so generally, and the results have reached so wide a 
circulation, that there is little probability of boiler builders again 
making mistakes with Western fuels. a _ 
Answering Mr. Kent’s request for an opinion as to the guar-— fa 
antee which might safely be given with Western coals es as 


erly pee the I will say that an efficiency of 60 should be ier 
cured with the tubular and 70 with the water tube, arora 
slightly more. 
I cannot agree with Mr. Kent in his conclusions, believing, as t 
do, that—even admitting, for the sake of pacer some possible 
uncertainty as to the exact accuracy of the results of calorimeter 
determinations—the efficiency computed from the coal by calori- 
meter determination is a better measure of a boiler’s merit to-day, eis 
than the equivalent evaporation “per pound combustible.” 5 
It should not be forgotten that the efficiency of any given boiler 
is not constant. It varies in the same boiler with the kind of 
coal, the rate of firing, and the skill of manipulation. The best 
boiler and furnace is certainly that one which realizes, in useful 
work, the greatest percentage of the heat which exists in the fuel. _ 
There can be no argument on this point, and that is why we a 
to measure a boiler’s merit in efficiency and devote our attention _ 
to perfecting the means of getting at this result with accuracy. Bs . 
I do not agree with Mr. Kent that it is only necessary to — act 
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the Thompson calorimeter to get a high efficiency. The low re. 
sults secured on the St. Louis boiler trial to which he refers, were 
given by an instrument of this character, and I have every con- 
fidence in the accuracy of such determinations, within reasonable 
limits of personal error 

Mr. George I. Rockwood.—The agitation of this question regard- 
ing the wisdom of changing the rules of the Society for conduct- 
ing tests of boilers has been productive of much good, although 
thus far it appears to me that the good has been of a negative 
sort. On the one hand, Mr. Kent’s arguments against the pro- 
priety of using “ efficiency ” as a standard in commercial boiler 
tests, as recommended by Mr. Dean and by many Western engi- 
neers, are unanswerable, and should serve, for the present at least, 
as a check upon the proposition to establish the custom by giving 
it the virtual sanction of the Society ; on the other hand, the dis- 
cussion has brought out into the open light the fact that the rela- 
tive economies of boilers cannot be known with scientific accuracy 
if simple reliance is placed on the figures giving the evaporation 
per pound of combustible. 

Mr. Kent is of the opinion that “ not enough is yet known con- 
cerning the calorific power of Western coals, concerning the method 
of determining their calorific power, nor concerning the ‘ effi- 
ciency’ of boilers, to warrant efficiency being considered as an 
accurate standard of comparison, nor of its being specified in 
guarantees.” My own belief is that in all commercial or competi- 
tive trials, guarantees should be based on ‘* the evaporative effect 
of a pound of that particular kind of fuel which. the purchaser has 
got to use, for the use of which the furnace is designed, and 
which the seller has the right and the duty to examine before a 
contract is drawn.” 

Mr. Albert A. Cary.—Mr. Kent certainly could not have pre- 
sented any paper to this Society which would be of greater 
moment to those interested in steam-boiler work than the one 
which he has just read, and I hope that it will receive the proper 
amount of appreciation and the consideration which it deserves. 

My business places me in constant contact with steam users, 
and scarcely a day passes withont bringing to me one or more 
specifications in which I find guarantee clauses. 

Those clauses relating to the evaporation of the boiler vary 
considerably in their method of expression, and probably nothing 
has ever been introduced into these expressions which serves to 
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_ make them more meaningless than that calling for a guarantee of 
efticiency of the boiler. 

At one time I was quite pleased with this method of summing __ 

up a boiler test, and to-day I would be quite as enthusiastic over 
the expression of a boiler’s efficiency if my faith in the ability of | 
_ those handling coal calorimeters as well as in the chemists mak- _ 
ing coal analyses had not been shaken severely, and I would add 
that this experience has forced me to endorse all that Mr.Kent — 
_ Two years ago, at the Montreal meeting of this Society, I 
stated, in a discussion, that engineers drawing boiler specifica- 
tions were beginning to call for guarantees of the efficiency of 
boilers from those bidding on their work. 

This call for efficiency guarantees was comparatively limited 
then, but since the Detroit meeting of this Society, last year, 
when Mr. Dean presented the paper which Mr. Kent has men- 
tioned, calls for efficiency guarantees in boiler specifications have 
been very frequent, and nowhere has this form of guarantee been 
_ demanded so frequently as in Chicago, Detroit, Milwaukee, and 

other places in that neighborhood. 

The increasing demand for this form of guarantee finally led 
~ me to look into the matter more carefully and systematically to 
_ find the true calorific value of the different coals, and then the 
trouble began. 

I found that the different published results of the calorific 

value of the same coal varied considerably when it was tested by 

different people, and also, in many cases, when the same coal was 

tested by one man at different times. So much did these results 
vary that I was tempted to send a sample of the same coal to 

different coal calorimeter men, and that proved to me so con- 
clusively that the results obtainable were so unreliable that I 
finally decided to refuse to make any further boiler efficiency 
guarantees. 

My experience has taught me where I could send samples of 

coal and obtain, over a good signature, a low calorific value for 
any coal; and further, I learned just who should be avoided, if I 
wished to make my boiler show a very high efficiency. 
. These facts show plainly how unscrupulous people could easily 
_ deceive the purchaser of their boiler, and with such a chance 
for fraud, should we not denounce this steam-boiler efficiency — 
guaranteeing, at least until the (coal) doctors cease to disagree? — Be: 
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In looking over some recent specifications containing this effi- 
ciency clause, I find the two following requirements, which are 
good examples of the boiler efficiency guarantees required : 
‘The first makes no mention of the coal to be used, and reads 
as follows 
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Guarantees : 


‘‘The contractors are to state the efficiency they will guarantee from coal hav- 


be ‘ ing a calorific value of 12,000 B.T.U.; if fuel witb different calorific value is used 


_ in making the test correction will be made. 


‘*The contractors further guarantee that when working under the conditions 
under which this efficiency is obtained the moisture in the steam shall not exceed 
1.5 per cent. ; that these boilers will work satisfactorily and without injury, and 
without materially impairing the economy, at 25 per cent. above rating for an 
indefinite period, and with an entrainment not to exceed 1.75 per cent. of moist- 
ure ; an average sample of steam to be obtained in all calorimeter tests. 

‘* Also, that these boilers can be forced to 50 per cent. above rating without 


_ injury to any of the parts.” 


The second guarantee demanded is outtainly quite extended, 
reading asfollows: = = 
‘Per cent, of the theoretical calorific value of various nut ee as found in 


Chicago market, that will be practically obtained?..........Per cent. of each?” 
_ Big Muddy, Jackson County ? 

Bureau County ? 

Coldchester 


Grape Creek ?... 

Btreator?........ 

Indiana block?.. 


Regarding the use of “ evaporation per pound of combustible,” 
I am afraid that I cannot make up my mind to eliminate it from 
my reports of boiler tests, notwithstanding that it is called “an 
ancient fraud.” 

At one time I ran a series of boiler tests in West Virginia, 
using coal from one mine in the neighborhood. 

All ash drawn from the pit was carefully inspected, and any 
good coal which had fallen through the grates was picked out and 
returned to the furnace. 

One day I had 14 per cent. ash, while another day I had but 8 
per cent. ash from a new lot of coal, which I know positively came 
from the same shaft. 

The results of these two tests per pound of combustible agreed 
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very closely, whereas the results per pound of coal varied consid- ae 
erably, as can readily be understood. Pee: 

At another time I was running a test where a new cargo of _ 
anthracite coal had just been received. A little while later I had 
occasion to repeat this test, and in the meantime the greater 
part of this cargo of coal had been used. Of course the dirt, ete., _ es 
had fallen to the bottom of the pile, and in consequence I a: = 
more ash and clinker. 

My results in these two cases compared very closely per | 
pound of combustible, but they differed materially per pound of 
coal. 

Furthermore, Col. Meier has suggested that we select some par-_ 
ticular type of calorimeter. Ido not know what one he would 
select, nor that al] would agree upon such selection. There area | 
good many instruments in the market, and more than one may 
be right. I would only ask if there is one which is right, and if 
everyone could agree to specify its use to determine the calorific _ 
value of a fuel. Until such an agreement is reached I do not 
see how we can make progress as to guarantees of if 
efficiency. . 

Further, in his remarks Col. Meier speaks of getting the opinion 28 yu 
of experts in different parts of the country where the fuel differs __ 
from that of your own neighborhood. I have done this, and 
shall continue to do it, and have been finding out how much there 
is to know. In some places nothing is so important as a good — wd 
fireman. He is very essential for anything like a fair test for the ore fe: 
fuel in question, as he will get more out of it than any stranger. i 


While, of course, there is a good deal of jockeying and chicaner te Pk a 


io, 


possible in boiler work, I do not think that the burning of fuel in | ae 
a way which skill and experience shows to be proper is to a 
classed under that head. I think also many thinkers have too on 
confused an idea of the relation between the boiler and the fur- 
nace. They take them together as a whole, and get results which 
are confusing and wrong. I believe there is a furnace efficiency 
which should be considered by itself, and the boiler efficiency is — 
to be considered after the heat is delivered from the furnace to 
_ the boiler. The furnace should be adapted to the coal, even ifit _ 
should run itself into a gas producer. Some of these Western 
2 _ coals can only be properly burned in an enclosed brick chamber. — 

_ By trying to burn all kinds of coal in one kind of furnace the 
results can never be very good for comparison, __ 
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Mr. Bryan said that in drying coal he would have it air-dried 
for twenty-four hours. I have found a good deal of moisture in 
coal dried much longer than that. I do not think that plan will 
remove the moisture sufficiently to determine the real weight of 
good fuel and of water. 

Prof. J. H. Kinealy.—lt seems to me. that we ought to state the 
efficiency not only per pound of coal but also per pound of com- 
bustible. Ido not think that we are yet in such a position that 
we can drop the efficiency per pound of combustible. The trouble 
however in determining the efficiency is to determine the actual 
heating power of the coal. If it is determined by one calorimeter 
we get one result ; if it is determined by another, we get a very 
different result. Those results may check or they may not check, 
depending entirely upon the circumstances under which the calori- 
meters are used. There are two calorimeters mentioned in this 
paper; one is the Carpenter calorimeter and the other is the 
Thompson. The Carpenter calorimeter is an oxygen-flow calori- 
meter. If the oxygen in that calorimeter flows too fast we get one 
result ; if it flows too slow we get an entirely different result. The 
Thompson calorimeter I have used. In the Thompson calori- 
meter we get our oxygen from a mixture of chlorate and nitrate. 
If we have too much chlorate, we have one result; if we have too 
much nitrate we get a very different result from the same coal. 
An anthracite coal or a coke—any coal that is very high in carbon 
or very low in combustible gases—will need a large proportion of 
chlorate and a small proportion of nitrate. Put, however, that 
same mixture of nitrate and chlorate in a fast-burning coal and 
we blow a part of the charge out of the furnace. I have made 
these experiments in the open air and have made them under 
water and have there found the particles of coal floating on the 
water. It is probable that the reason the two Thompson calori- 
meters gave about the same results with one of the coals, as shown 
in column 1 on the blackboard,* is that the calorimeters had prob- 
ably been used for eleven or twelve thousand heat unit coals right 
along, and the proportions of chlorate and nitrate were about 
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_ * The figures referred to as being placed on the blackboard were as follows: 


rs Jackson, O., New River, W. Va., 
Coal. Coal. 


1 2 
Carpenter calorimeter............ 13,170 15,200 
_ Thompson calorimeter, Boston chemist... 11,913 13,066 
IG “ ‘© Professor Potter. . 11,894 13,527 
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right for that coal; and the results given for the second coal, as = ae fas 
shown in column 2 on the blackboard, differ because it is probable a ia pe 


that the proportions of chlorate and nitrate were not right forthat = 
coal. The results for the second coal differ by about four per et 

cent. If we are letting a contract and expect to enforce a forfeit 
or give a bonus there ought always to be some space that should 
be called “no man’s land.” If the probable error of the calori- 
meter is, say, two per cent., in an average of, say, five or six experi- 
ments, then if the error is two per cent. too large, the efficiency - 
will be about two per cent. too small. If the error of the calori- Nabe “i 
meter is two per cent. too small, then the efficiency will be about , ly a 
two per cent. too large. So that we ought not to begin to enforce to. 
the forfeiture unless the efficiency goes two per cent. below the 


two per cent. above, depending entirely on the probable error of — 
the calorimeter. It seems to me that we ought to use either the | 
closed oxygen calorimeter of Berthelot or Mahler or Hempel— | % 
either one—or we ought to use the analysis in determining the © 
heat of combustion of a coal. The chemists check better than the . 
various calorimeters. Chemists can check. The objection, of 
course, is that they use a very small sample of coal. Well, the — 
Thompson calorimeter, which I believe uses a larger sample than 
any of the others, uses only 30 grains. Now, 30 grains—7, 000 — 
grains to the pound—and we will burn three or four or five or six 
or eight tons a day, and the base from which we make all our 
measurements is 30 grains! We have got to sample the entire 
pile of coal down to that amount, and there will be a great differ- ya 
ence in our sampling. If we take lumps, we will get one thing; oe a 
if we take the fine coal we will get something different. If the = 

coal is a clean coal without any dirt and we are taking the fine ie 
particles we will get the richest kind of a coal and we will get the = a 

highest result from the calorimeter. I think we ought to adopt a 2. ge 
bomb calorimeter, a calorimeter that is completely sealed, and 

pure oxygen put into that calorimeter and the coal burned in the 
presence of pure oxygen. The instrument, however, is a very ex- _ 
pensive one. The Berthelot is very costly, as it is lined with gold 
or platinum. The Mahler instrument is somewhat more reason- e = 
able, as it has an enamel lining. Professor Hempel, of Germany, — as Si 
however, has got very good results with an unlined calorimeter. ary 
He heats the steel bomb to a very high temperature and then Rae: a 
exposes it to steam and oxygen and oxidizes the inside of the Bie ay eae 
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calorimeter. A friend of mine who is a personal friend of Profes. 
sor Hempel wrote to him last year to ask him how the calorimeter 
that he used was doing—what sort of result it was giving, and he 
said that he had used it on quite a large number of tests, I think 
about 200, and there was no effect of oxidation on the inside of 
the calorimeter. Even with the bomb calorimeter you must 
make corrections for nitric acid if you want absolutely correct 
results. Now I object very much to results being stated as they 
are stated on that board—11,913. No one knows anything about 
the figure 9 much less the 1 and the 3.. The result is not correct 
within one per cent., and therefore only three significant figures 
ought to be given. 

Mr. J. W. Blood.—Mr. Kent’s argument seems to be that 
evidence shows the calorimeters are not correct within themselves, 
and he therefore does not wish to change the standard to some- 
thing which he knows is not accurate. Now it seems to me it 
lies with the people who are backing up the calorimeter guarantee 
to say that a calorimeter experiment can be depended on within a 
certain amount, and again to show that the test specimens taken 
throughout a test do not vary within wide limits. It seems to me 
that it is a problem to be taken up by the Committee on Boilers 
to show how much calorimeters can be depended upon, and what 
variation may be expected in the same calorimeter on distinct 
tests. I have had guarantees of a similar nature to make, and we 
have had to come down to the more practical points until the 
scientific points are more definitely stated. But in this work it 
seems that there are two sides; that is to say, now we have some- 
thing definite in a commercial way, and we are asked to change 
from that guarantee to a scientific one of which we do not know 
the definiteness. It seems the problem is to find out how much 
variation can be expected in calorimeters. Of course, the 
efficiency—and that is what the engineers are interested in, the 
real measure of a boiler—is to be determined by an analysis of 
the coal, and that gives the measure of the ability and design of 
different boilers. But from actual work and from actual evidence 
which we have now, it seems that the best guarantee is the most 
definite guarantee on practical work; that is to say, a boiler- 
maker must guarantee under certain conditions to give certain 
results, and those conditions are actual conditions ; that is to say, 
I would recommend guaranteeing that with a certain grade of 
coal we get a certain output. This is the figure the purchaser 
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— He wants to take that guarantee of the boilermaker and 
put the price on his coal, and see which kind of coal will be a 


for him. I think that is the case now, and it is to be demonstrated 
how accurately the new guarantee can be handled. 

Col. Meter—My. Cary instances that remarkable case in Chi 
cago where boilermakers were expected to guarantee on every 


which came into the Chicago market. It was just that 


coal district. 
difficulty. 

Now in regard to the choice of a calorimeter, it is just as easy 
to choose beforehand the calorimeter which is to be used, and if 
you wished to refer it to a chemist as an umpire, the chemist _ 
and the calorimeter can be agreed on in advance, as well ie + 
the coal. 

The remark made by the gentleman now just reminded me that — 


several times during the discussion gentlemen have referred to ae 


guarantees under actual conditions do not believe they 

what that implies; because when a boiler is sold—con- 

* tenoted for—we do not know what the actual conditions of test — 

are going to be, and it would be perfectly absurd to ask fora __ 
guarantee under actual conditions when we do not know whether __ 

we are going to get the feed water at 80 degrees or 200. ; 

Mr. Wm. Kent.*—Mr. Barrus thinks it is inadvisable to have any _ 
discussion on this subject pending the deliberations of the Boiler — 
Test Committee. I do not think you agree with him; Ithink most —_ 
of you have enjoyed this discussion. In Detroitlast year oneside  __ 

_ of this discussion was presented. That side of the discussion was _ 

- eontinued by the revised notes of the members who took part _ see 
it, and in the Zransactions to-day appears a long catalogue of __ 
opinions on that one side, with none that I know of against itt 
The discussion has been continued in the technical press, and i ak ae 
believe Mr. Barrus himself has taken part in that discussion. 
One of the writers on the subject in the Engineering Record—I 4 
may mention his name, Mr. Bryan, who is here present—said __ 
in his article in that paper that the opinion in Detroit ap- 
peared to be unanimous. in favor of this efficiency standard, 

and brought that out as a strong argument in favor of the _ 
efficiency standard. I thought then that it was high time that it 
should appear that I, at least, was not one of the unanimous mem- 


* Author’s closure, under the Rules, 
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bers. Therefore I wrote this paper, and I did not mean any 
disrespect to my colleagues on the Boiler Test Committee. I 
think we should all contribute all the light that we can to 
the subject. Mr, Meier, in opening the discussion, says 
that I object to the comparison of the performance of different . 
boilers in terms of efficiency. I made no such objection, but, 
on the contrary, on page 653 of my paper I say: “I have no 
objection whatever to the use of the term ‘efficiency’ in reports 
of boiler tests whenever the heating value of the coal can be 
determined, whether by analysis or by calorimeter.’ His state- 
ment to the effect that the experience of the members of the 
former Boiler Test Committee was limited practically to anthra- 
cite and Cumberland (semi-bituminous) coals should also not be 
allowed to go unanswered. I served on that committee in 1884, 
and previous to that time I had considerable experience with 
coals mined west of the Alleghany Mountains, some of which 
experience is related in my paper on “The Heating Value of 
Bituminous Coals,” read at the Cleveland meeting in 1883. 
( Transactions, vol. iv., p. 249.) 

Mr. Meier quotes Mr. McMynn as saying that calculating the 
efficiency from the evaporation per pound of combustible puts a 
premium on dropping good coal or half-burned fuel through the 
grates, “for of course the greater amount of ash the higher the 
evaporation per pound of combustible.” The fact is that the 
premium is apt to work the other way in the coals mined west of 
Pittsburg, in which coals the volatile matter is, pound for pound, 
a less valuable fuel than the carbon. In such coals, if unburned 
carbon is allowed to fall through the grates, the evaporation per 
pound of combustible as well as per pound of coal will be less 
than if all the carbon is burned. Mr. McMynn’s statement, 
quoted above, that “the greater the amount of ash the higher the 
evaporation per pound of combustible ” is, of course, true if we 
are comparing two tests in which the evaporation per pound of 
coal is the same ; but it is not true if we are comparing two tests 
of the same boiler with the same coal, in one of which tests more 
half-burned coal is allowed to fall through the grates than in the 
other, provided the coal is one in which the volatile matter, pound 
for pound, is less valuable than the carbon. 

Mr. Meier states that in deducting the moisture obtained by 
drying a large sample over the boiler flue there is a chance for a 
large error, because much of the volatile matter leaves the com- 
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bination at a low temperature if long enough exposed. I have os 
little confidence as Mr. Meier in this method of determining _ 
moisture, but for a different.reason. I have never found any loss 
in volatile matter in coal even after heating for several hours to a 
from 220 degrees to over 300 degrees Fahr.; but, on the contrary, 
have found an increase in weight after such heating. My objec- x 
tion to the method is the difficulty of getting the coal thoroughly _ 
dry by this method, especially in the case of Western coals. oe 
mentioned this method in my paper because it is the one ordinarily — 
used, not because I believe it to be the best one. What the best — 
one is will probably be determined before long, as the result of 
investigations suggested by the paper of Mr. Hale, read at ie 
meeting. 

Col. Meier answers my question as to the kind of guarantee 
that an Eastern boilermaker should give on a Western contract. ae eet 
He says that the proper serine for the Eastern boilermaker to ee ! 


antee to give. 
He called in a Western expert. The Western expert presented ae 
very admirable report of what results could be got from that kind © 
of coal. The question’ was then raised: ‘“‘ What duty shall I 
guarantee? Shall I guarantee eight pounds with this particular 
kind of coal? That is, shall I guess I am going to reach eight 
pounds, or shall I go a little higher?” I answered: “If you go 
higher than eight pounds you may just possibly reach it, and fill © 
your contract and be all right. The margin is very close. But a 
if you guarantee seven and three-quarter pounds you may lose a 
the contract, for some other maker will guess eight pounds.” I 
hold that if guarantees are to be used at all, the particular guar- 
antee should be stated, and the boilermaker‘should not be asked 
to guess what another boilermaker is going to guarantee. If you 
- want 70 per cent. efficiency, let the engineer who draws the 
specification state that 70 per cent. will be demanded. 

Mr. Meier asks the question, in regard to the two coals I tested 
in Ohio under the same boiler: “Suppose they had been two 
different boilers, one in Ohio and the other in New York, would 
Mr. Kent undertake the task of satisfying the average manufac- 
turer or steam user that the one boiler was as good as the other?” 
I answer: Certainly not. Two boilers cannot properly be com- 
pared when tested with different coals, nor two coals when tested 
under different boilers. But how much better is the comparison 
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on the basis of “efficiency”? The efficiency, based on coal, by 
the Thompson calorimeter, was, for the Jackson coal, 66.37; for 
the New River coal, 85.83. If the test had been made on different 
boilers no one could say, with truth, from these figures that one 
boiler was better than the other. 

My statement in regard to the recent boiler test in St. Louis, 
that if the heating value of the coal had been determined by a 
different calorimeter the amount of the forfeiture might have been 
diminished, is replied to by Mr. Meier. He states that the for- 
feiture would have been increased if the Carpenter calorimeter had 
been used instead of the Thompson. I admit this, but my state- 
ment is still true, for if the coal had been tested with the Thomp- 
son calorimeter used by the chemist in Boston, to whom I have 
referred in my paper, it is quite probable that a lower heating | 


value would have been obtained, which would have reduced the 
forfeiture. On page 655 of my paper I give the heat units obtained 
from the sample of New River coal by the Boston chemist using — a 
the Thompson calorimeter as 13,066. A duplicate of this sample _ a 


was sent to Professor Potter, at St. Louis, who also uses the — 


Thompson calorimeter, and he reports its heating value as 13,527, _ 


a difference of nearly 4 per cent. So not only is there a difference 
between the Carpenter and the Thompson calorimeter, but there _ 
is also a difference between two Thompson calorimeters, one in _ 
St. Louis and one in Boston. 

Referring to Mr. Bryan’s remarks, I am glad to know that he 
has not yet discarded the “ pound of combustible ” and still in- 


cludes it in his reports. I hope he will continue this good prac. Fy 
tice notwithstanding the denunciation of this term by some of his | 


St. Louis colleagues as an “ ancient fraud” and a “ hoary myth.” — 


He recommends that, “if possible,” the entire amount of fuel _ 


used in a test should be air-dried for at least twenty-four hours. 
He will rarely find it possible to air-dry the coal in this manner, 
and if he made the attempt with Illinois coal he would find that 
it would not become even approximately dry inside of the lumps 
in a week. I have air-dried a lump of such coal for ten days, 
weighing it every day, found it lost weight every day, and at the 
end of the time still contained a large amount of moisture which 
could be driven off by heating to 212 degrees Fahr. 

I regret that Mr. Bryan still has such unbounded confidence in 


the accuracy of the Thompson calorimeter. It is quite possible Be 


that the results obtained by this instrument in the hands of Pro- 
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fessor Potter should be consistent with each other, and yet the 
instrument itself have a large but approximately constant error. 
No amount of skill in handling an erroneous instrument will make 

_ its results reliable. In my paper I have shown that the test I 
made with New River coal gave 73.82 per cent. efficiency when 
the coal was tested by the Carpenter calorimeter, and 85.83 per 
cent. when tested by the Thompson calorimeter in Boston. The 
heating value as obtained by Professor Potter’s Thompson calori- 
meter makes the efficiency 82.95 per cent. I think the figure 
73.82 per cent. is all that can reasonably be expected under the 
circumstances of the boiler test, which were by no means perfect, 
and I have no confidence whatever in the figures 82.95 per cent. 
and 85.83 per cent. 

I have to thank Mr. Cary and Professor Kinealy for their im- 
portant contributions to this discussion. I think they have done 
much to place the subject of efficiency in its proper light. 

Professor Kinealy recommends the use of the Berthelot, the 
Mahler, or the Hempel calorimeter. I heartily agree with him. 
As far as I have looked up the subject, these three calorimeters 
are the standard calorimeters, but even they are subject to correc- 
tion for the combined nitrogen and oxygen. They have to be 
manipulated with the utmost care, and by skilful chemists, also. 
But if we are going to use calorimeters at all, let us come to one 


of these three or to a new one made upon the same principle, 
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STRENGTH OF CASTIRON, 


BY W. J. KEEP, DETROIT, MICH. a 
(Member of the Society.) 

THis paper contains all of the results of tests of various sizes 
of test bars made in 1894, from different mixtures of cast iron, _ 
for Committee on Methods of Testing of the American Society 
of Mechanical Engineers. The individual logs are on file in the 
Society’s library in New York. : 

The object of these experiments is to find a method of testing __ 
which shall reveal the physical properties of cast iron. 

Before this could be done it was necessary to determine the 
physical properties of this material. 

Cast iron is not a simple metal, nor is it an alloy, but it is 
an aggregation of compounds combined chemically and mechan- 
ically. 

Any change in the proportion of the compounds and of the 
elements of which it is composed, in the conditions attending 
its production in the blast furnace, in remelting, or in its solid- 
ification, changes its character so much that it becomes a mate- 
rial of different qualities. 

Cast iron is a comprehensive term covering any iron with 
carbon too high to be classed as steel, and in the different fur- 
nace yards it is separated into more than 20 grades, on account 

Bens = differences in the appearance of its exterior surface or of its 
_ fracture, and when sold by its chemical composition each run of 
iron may be different from any other on account of unequal dif- 

fusion of the elements. 
ee Silicon is, however, the primary element which needs to be 
Ree at taken into account for ordinary foundry work, provided the 


‘Toa 


others do not exist in excess. 
Increasing silicon changes white iron to gray, causes combined 
carbon to become graphitic, makes hard iron soft, and removes 


_ * Presented at the St. Louis meeting (May, 1896) of the American Society of 
_ Mechanical Engineers, and forming part of Volume XVII. of the Transactions. 
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brittleness, and by doing this increases strength, thus increasing 

the strength of small castings by preventing brittleness, and it 
decreases the strength of large castings by increasing the size 
of the grain. 

In the tables the records from bars of the same dimen- 
sions and the same composition are the only ones that can be 
averaged or compared directly with each other. Test bars 
2x 1" of the same series, whether tested flat or on edge, can be 
compared with each other, but cannot be compared with the 
bars 20 of the same series, because the latter cooled more 
slowly and have a looser grain and are therefore proportionately 
weaker. 

There were three tons each of “ Iroquois” and “ Hinkle” pig 
iron. Drillings for analysis were taken from 25 pigs of each 
kind, and of the silicon iron used with them. Seven hundred 
pounds were weighed out for each series so as to bring the 
silicon to the intended per cent., and one-quarter of one per 


cent. more to allow for loss in re-melting. The mixture was 


= _ made with great care, based on actual chemical analysis. 


Notr.—A full chemical analysis of each pair of test bars has been made by Mr. 
R. N. Dickman (71 Atwater Building, Cleveland, Ohio), assisted by Mr. John 
Douglas and by Mr. E. Klootz, and by Messrs. Dickman and MacKenzie, 1224 
Rookery Building, Chicago. 

All test bars 1” 0 and 1” x 2” were tested by Professors R. C. Carpenter and C. 
E. Houghton at Sibley College, Cornell University. 

All bars 2” 0, 3” O, and 4” CO have been tested by Professor C. H. Benjamin, 
assisted by Messrs. Lyman Marshall and L. G. Robbins at Case School of Applied 
Sciences, Cleveland, Ohio. The 3” 0 and 4” £ bars of Series 17 were tested on 
the 300,000 pound testing machine of the Otis Steel Company of Cleveland. 

The round bars, both transverse and tension, were tested by Professor Ira H. 
Woolson, of Columbia College. 

Series 1 to 12 were made at the Detroit Stove Works, under the supervision of 
L. Crowley. 

Series 13, 14, and 15 were made at the works of the Michigan Stove Company, 
from their regular iron mixture. 

Series 16 was made by Messrs. C. G. Bretting & Co., of Ashland, Wis., makers 
of machinery castings ; Series 17 by the Michiran Malleable Iron Company, of 
Detroit ; Series 18 was made by Messrs. Bement, Miles & Co., makers of heavy 
machinery, Philadelphia ; and Series 19 by Messrs. A., Whitney & Sons, makers 
of car wheels in Philadelphia. 

The ‘‘ Iroquois” pig iron, for the first six series of bars, was furnished by the 
Iroquois Furnace Company, of Chicago, and the ‘‘ Hinkle” pig iron, for the 
second six series, was furnished by the Ashland Iron and Steel Company, of Ash 
land, Wis. 

In the preparation of the tables, checking results, and calculations I am greatly 
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_ indebted to Professor Carpenter, Mr. Houghton, and their assistants, and to Mr. 
 i«& D. Estrada, for checking tables with original logs, and to Mr, Gus, C. Hen- 
ning, Reporter of the Committee. 


SLIGHT VARIATIONS IN THE SIZE OF TEST BARS. 


In any one size of bar of any one series, whatever the section, 

; Me the variation in strength does not follow the variation in size. 
A measure of size of a cast bar is only an approximate meas- 
ure of section, for more or less of scale will remain on large bars. 
In any case the surface is uneven, being a series of elevations 
and depressions corresponding to the shape of the grains of sand 
which composed the mould, and the caliper measures across the 

highest points. 

A depression or a cold shut, so small that it is difficult to de- 
tect either after fracture, may act as notches and often hasten 
fracture, and bars with the corners round, on account of the 

- gorners not running full, even if the round corners are placed 

me - down, will as often show great strength as other bars poured 

- full from the same ladle. Such round corners are perfectly 

z smooth, never having touched the sand mould, and there are 
therefore no depressions to start a fracture. 

- s Larger test bars cool more slowly, and the size of the grain is 

oe = increased, which in ‘turn decreases the strength of the 

bars. 

The largest bars cast off the same pattern are often found to 

weakest. 

Figures 142 and 143 show the average records of actual loads 

— to be slightly more uniform than when reduced to equivalent 
~ loads for bars of the nominal size. 

The differences in crystallization on account of varying condi- 
tions, cause a variation in the records much greater than the 
oa Variation due to slight differences in size. The variation in cast 

iron on account of peculiar conditions is so great that only gen- 
eral tendencies in records should be considered. 

Autographic Diagrams.—The diagrams in Fig. 141 are from 
test bars one-half inch square by twelve inches long (Tables 

es i I., IL, and III.), made by Keep’s Dead Load Autographic 

Testing Machine. 

After the base line ab was drawn, the load was increased until 
it reached 300 pounds. Then the load was removed, and the 

- pencil stood at d instead of a. Then the load was applied again 
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, FEST BAR 182 MICHIGAN MALLEABLE IRON CO. 


200 
1.055 


K = 382,307 
= 28,918,500 Elas. d. 
BE = 23,918,500 Total a. 


bai ‘at } Stress = 64,800 


Test Bar 173 BEMENT, MILES & CO.,PHILADELPHIA SERIES 18. 
450 


168,018 
E = 14,133,629 Elas. d. 
= 11,733,604 Total d. 
Max, Fiber Stress = 64,800 


(Set. 
130,909 
= 9,422,499 Total d. 
| oy 2 Max. Fiber Stress = 64,800 .35- 


TEST BAR 96 SERIES 10. 


Def. .11 


30 4 
Def. .185 

Set. 025 108,000 

E = 11,788,604 Elas.d. 354 


wit = 778,512 Total d. 
Biber Stress = 64,800 40 


ad & 
lw 


at 


Fie. 141. 
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4 
a Set. .018 
Def. .265 Set. .083 
Set. .05 
BAR 53 IROQUOIS SERIES 6. 
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at and the elastic line de was drawn. After passing e the original 
‘ diagram was resumed. When the 400 pound mark was reached 
the load was removed and the pencil rested at h; the load iit 
. again made the new line hg parallel to de. 

_ All elastic lines from the same bar are parallel. : 
Be The elastic line from a tempered steel bar or a bar of white 

: cast iron like bar 182 will be nearly straight, but those from gray 
cast iron which takes set are slightly curved lines. 

A template may be made from the longest elastic line, and if 
placed parallel to the elastic line, tangent with the first diagram. 
a new elastic line af can be drawn. This divides all deflections 
into elastic deflection and set deflection, and all perpendicular 
_ distances between af and ay are permanent sets. > 


The letters employed in formule are as follows: 7 


W, Measured maximum load in pounds. a 
W,, Maximum load of a test bar of any other size. 
b, Measured breadth of test bar ininches. 
h, Measured height of test bar in inches. a . 
b,, Breadth of any other size of test bar in inches. 

h,, Any other height of test bar in inches. 

1, Measured distance between centers of supports of 

test bar in inches. 


1, Any other distance between supports in inches. : 


d, Total deflection in inches. r 

I, Moment of inertia : 

p,. Maximum fibre strain per square inch, ~ 

E, Modulus of elasticity. 
Moment of inertia, J = (1) 


; . To reduce the measured maximum load of a test bar to that 


: on for any other size of bar: 


oa S p is the stress per square inch on the extreme fibres of the free 
_ gide of test bars broken transversely. 


= 
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= 


The Modulus of Elasticity is a number obtained by dividing bs 
number indicating unit stress by a number indicating unit strain a 
within the elastic limit, and in case of transverse loads is : 

WF 

This formula is true only for a perfectly elastic body, in which wie 
case d = elastic deflection. No kinds of cast iron are perfectly 
elastic. 


Age 


In taking d as representing only elastic deflection, we take _ = 
into account only the part of the diagram a, b, f (Fig. 141), while 


the whole diagram, a, }, p, represents the behavior of the material. ce : 
The portion of a, /, p which has been ignored is a very impor 


tant part, for it shows how much the beam will remain bent ater a ae, 4 


a stress has been applied. 

Resilience.—This is the work which a body will do on being 
relieved from a state of strain, or the amount of work which 
has been done on the body. Some even multiply one-half stress 
by the total deflection in cases where set has been taken. 


A cast-iron beam is not generally required to raise a load 
through the greatest possible distance, but it is required to 
sustain the greatest possible load with the least deflection. 


W 


The shearing stress = 
In: Tables XIV. to XVIII. vertical columns show variations 
due to changes in composition, and horizontal rows of figures 
show variations due to change in the rate of cooling (size), and 
the figures at the right-hand lower corner of any group show 


-yariations from the combination of both these causes. 


In previous monographs regarding these tests I have been 
obliged to use incomplete results, which, with some errors and 
transpositions, cause trifling variations in the tables and charts 
therein presented, but they did not in any way affect con- 
clusions. 

The diagrams in Fig. 142 are from the measured maximum 
loads of Series 1 to 6; and the diagrams i in Fig. 143 are from 
same results, reduced to the nominal sizes of bars. _ basso a) 
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The diagrams in Fig. 143 represent either the loads reduced to 
a one-half-inch square section, a one-inch square section, or to 
fibre stress, because a simple division or multiplication by a 
constant number reduces one to the other. The curves are the 
same, the only change being in the marginal numbers. 
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DIMENSIONS FOR TEST BARS. 


ss 


The tables show the records for all the sizes and forms of test _ 


bars in general use. 

One-half-inch Square by Twelve-inch Test Bars.—This is as 
small as it is practicable to make. It cools so quickly that the 
variations in the test record more nearly agree with varia- 


tions in silicon than those of any other size. The measure — 


of shrinkage of such a test bar is a mechanical analysis for 
 gilicon. 

—— One~inch Square Test Bars.—The tests recorded in this paper 
- show that a one-inch square bar gives records more nearly 
alike for cast iron of different compositions than any other 
size, for the following reason : 

Figs. 142 and 143 and Fig. 145 show that the curves repre- 
senting records of various sizes and compositions of cast iron 
cross each other near the record of the one-inch bar, which 
explains the similarity of one-inch records for all compositions. 

Two-inch by One-inch Test Bars.—When these are broken 
with the narrow side down, the strength reduced to a section 
one inch square is greater than the strength of the same bar 
broken with the wide side down reduced to the same section. 
The bars of Table XIX. were all cast from the same ladle of 
iron: 

A bar two inches by one inch is more clumsy to handle and 
to make than a one-inch square bar, and requires a larger testing 
machine. 

Two-inch Square, Three-inch Square, and Four-inch Square 
Test Bars are seldom used on account of the difficulty in breaking 
them. 

In casting four-inch bars with gates near the ends, there is 
nearly always a depression, and often a very deep cavity, in the 
top of the bar, near the gates, caused by contraction before the 
bar is solid all the way through. If the mould for the top of 
the bar is made partially metallic, by pressing small nails in the 
cope, so as to present enough iron surface to cause the metal to 
set over the whole surface of the mould, the outside of the bar 
would be perfect, and the shrinkage would show itself in an 
open, spongy grain near the centre of the bar, towards the ends 
near the gates. Such a bar would show the external shrinkage, 
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the strength, and the grain, and would also show the tendency 
of the iron to form spongy spots. 

Deflection of Cast Iron.—Referring to Fig. 141, and from an 
examination of the fractures of the test bars, it is evident that 
increased deflection for the same load shows increased softness. 
Ifthe castings are thus shown to be softer than is required, a 
larger quantity of scrap can be added to the mixture. 

Shrinkage of Cast Iron.—Table XX. gives the average shrinkage 
of the test bars of the nineteen series. 

When these shrinkages are compared with the records of 
strength given in Tables XIV. to XVIII, and with the grain of 


these bars, it becomes evident that the increase of silicon, which 


increased the size of grain, decreased shrinkage, and that the 
slow cooling which increased the size of grain, also decreased 
shrinkage. The casting containing most silicon, and of the 
- greatest size, decreases in bulk less than smaller castings, or 
_ those containing less silicon. The records give the shrinkage 
per linear foot. 

The figures on each side of chart Fig. 144 denote the shrinkage 
in inches per foot. The numbers at the top and bottom of the 
_ chart show the ratio of cooling. Each curved line shows the 
variation in shrinkage of iron containing a given percentage of 


silicon, in varying sizes of castings. The percentage of silicon 


in this iron is marked at each end of the curve. With this chart, 
if a founder knows the shrinkage of any one size of test bar, he 
can at a glance tell the amount that any other size will shrink ; 
or if he knows the size of casting that he wishes to make, and 
the shrinkage that is desirable, he can find from the chart the 
percentage of silicon that the casting must contain. All these 
relations are approximate. 

_ To find the approximate percentage of silicon in any iron 
mixture locate on the one-half-inch square line (.12) the shrinkage 
of a one-half-inch square test bar from that mixture, and this will 
give the approximate percentage of silicon that should produce 
this shrinkage. 

It is a fact of the utmost importance that, owing to the irreg- 
ular composition of cast iron, even that poured from one ladle, 
every physical and chemical record, however obtained, is only 
an approximation to what would be obtained by another test. 
A considerable margin of approximation must be allowed in all 
calculations relating to cast iron, 
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KeePr’s IDEAL SHRINKAGE CHART. 
Approximate relation of shrinkage to size and percentage of Silicon. 
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The percentage of silicon by analysis, because of unequal diffu- 
sion of silicon, is approximate. Drillings taken from one part 
may not represent the silicon in the whole casting. The influence 
of silicon is uncertain, because the quantity and condition of car- 
bon in pig iron is never uniform, and silicon influences cast iron 
_ by its action on carbon ; if carbon is too low, silicon cannot exert 
its influence. Sulphur in the coke used in remelting lessens 
_ the influence of silicon. The temperature of the cupola and a 
great many other conditions influence the physical quality of the 
iron. For these reasons 1.50 per cent. of silicon in one case 
may produce the same physical results as 2 per cent. in another 
case. 

When we find the same shrinkage in other iron mixtures, it is 
convenient to ascribe it to the same percentage of silicon as 
- indicated by Chart 144, though from various causes it may have 
taken a greater or a less actual percentage to produce the result. 
_ Generally, when silicon is below 1 pet cent. it exerts so much 
less influence than the varying conditions referred to that the 
physical quality of castings from such iron cannot be predicted 
with any certainty (see Series 1 and 19). Therefore the physical 
property which can be expected from a definite percentage of 
_ silicon can only be approximated. On the other hand the 
_ physical property, as determined by a test bar, will vary in other 
2 he castings, even if poured from the same ladle, because the condi- 
tions attending cooling of the different castings vary. The grain 
is liable to local variation, and spongy spots or blow-holes are 
likely to exist. 
ss A measure of shrinkage with any one size of test bar measures 
the relative influence exerted by silicon ; and for convenience, in 

the use of Charts 144 and 145, in many of the curves a definite 
silicon percentage is ascribed to each shrinkage. [or the 
ye eS - reasons given, this percentage is only an approximation of what 
- might be found by analysis, but represents the influence to be 
expected from the definite percentage of silicon named. 

Each founder must establish a standard shrinkage which is 
found to accompany the best castings in his own foundry with 
the irons which he uses, and then he can use the charts with 
any given mixture of iron; and if-the composition is uniform an 
increase of silicon will decrease shrinkage, and vice versa. 

The founder does not need to know the actual percentage of 
silicon present, for it is impossible to know the conditions which 
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will influence the physical quantity. All he needs to know is 
whether in this particular case more or less silicon is needed. 

Charts Figs. 144 and 145 are constructed from definite physical 
tests and from actual chemical analyses. The results obtained 
by the use of these charts are approximations of what similar 
duplicate tests and analyses of the same irons would show. 

Every founder who has endeavored to regulate a foundry mix- 
ture by chemical analysis has found that a definite percentage 
of silicon cannot be depended upon to exert the same influence 
under all conditions. 

The approximation found by these charts is nearer the truth 

than can be obtained by any existing method, but from the 
nature of the case there can be nothing absolutely definite about 
cast-iron castings. 
Strength of Cast Iron.—The chart Fig. 145 is constructed from 
the records of tests reported in this paper, and will give a near 
approximation to the strength of castings of different sizes con- 
taining different percentages of silicon. 

Iron mixtures should be divided at least into three classes : 

1. Those made from very soft pig iron, or with an addition 
of very soft scrap, which will produce a one-half inch test bar 
swith an open grain and of a dark color, with great deflection, as 
bars 53 and 96 of Fig. 141. In such mixtures a very small per- 
centage of silicon will open the grain so as to greatly decrease 
the strength of large castings. These are used when softness is 
more desirable than strength, and should never be used for 
heavy castings. All of the series from 1 to 12, and Series 16, 
are from such mixtures. 

2. A mixture made from close-grained pig iron and close- 
grained scrap, or a mixture which has had its grain closed by 
some process, and which will make a one-half-inch test bar of 
compact, close grain, and not very dark in color, and with 
a moderate deflection, as bar 173 in Fig. 141. Such a mixture 
will make strong, large castings, and will be soft enough for small 
machinery work. Series 18 is from such a mixture. 

3. Mixtures which produce a white one-half-inch test bar, 
with small deflection, as in bar 182 of Fig.141. Such a mixture 
should only be used for heavy castings thicker than one inch. 
Series 19 is an example of such a mixture. 

To find the strength of a section one-half inch square by twelve 
inches long of a large test bar from chart Fig. 145: Locate on the 
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- one-half-inch line of the chart the average strength of three one- 
half-inch square test bars. With the shrinkage of a one-half- 
inch square test bar, find from the shrinkage chart the approxi- 
mate percentage of silicon. With a template,* find on the 
_ graduated four-inch section the mark indicating the silicon. If 
_ the casting is of the first class described, place this mark on the 
point on the four-inch line of the chart which represents the 
 gilicon percentage ; swing the template around until its edge 
- touches the located one-half-inch strength, and draw the curve. 
Example: Series 2—Locate strength 33) on the one-half-inch 
_ perpendicular. Shrinkage .172 indicates silicon 1.50 per cent. 
Place the 1.50 four-inch point of the template on the 1.50 
point of the four-inch perpendicular, and bring the edge of tem- 
plate to the 339 strength, and draw the curve. All curves for 
this class will indicate a trifle too great a strength for large 
castings. It makes the four-inch bar 10 per cent. too strong 
Series 16. 

_ If the mixture is of the second class, find the excess of the 
located one-half-inch strength over that due to the percentage of 
_ gilicon. After finding the four-inch point on the template, and 
on the chart, raise the latter one-third of the excess just found, 
and place the mark of the template on this and draw the curve. 
Example: Series 18—The shrinkage is .161, indicating silicon 
a  - per cent. The strength is 446, or 89 excess over 357. The 
_ strength on the four-inch line for 1.95 per cent. silicon is 197; 
adding 30 equals 227, the new point on the four-inch line. 
Place the four-inch 2.00 per cent. point of template on this new 
point and draw the curve. This curve corresponds with all the 
measured strengths of Series 18 except the one-inch bar, which 

it makes 7 percent. too weak- 
If the mixture is of the third class, raise the four-inch point 
one-half of the excess. Example : Series 19—Shrinkage is .238. 
_ (When the shrinkage is above .200 the test bar is white, and the 


_ * All curves of the strength chart are made from one template of a graduated 
_ hyperbola. Make a template of the 3.50 per cent. curve, and extend it one inch 
beyond the four-inch line, and mark on it the ends of this curve. From the one- 
half-inch end measure down the curve five and seven-eighth inches, and place 

; this point on the 1.00 per cent. point of the one-half-inch line, and mark both 
ends of the 1.00 per cent. curve on the template ; then divide the distance between 
the 1.00 and 3.50 per cent. points on the one-half-inch end into five equal spaces. 
Place each division successively on the corresponding percentage points on the 
one- half-inch line, and mark the four-inch end of each curve on the template. 
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silicon is sure to be less than 1 per cent. It is safest, in such 


cases, to use the 1 per cent. curve.) The strength was 377, and 
_ the excess over 290 is 87. The strength on the four-inch line for 
1.00 per cent. silicon is 220, and one-half of 87 brings it to 264. 
From this point draw the curve, which makes the strength for 
all bars somewhat less than the actual test made them, but this 
is safe. 

If a machine can be constructed, that can be sold at a moder- 


2 ee _ ate price, that can break transversely a test bar four inches 


_ square by twenty-four inches long, the actual strength could be 
located on the four-inch square lines and the curve would then 


show actual strengths of one-half-inch sections of all square 
of other sizes. 


To find from this chart, Fig. 145, the strength of any casting, find 


% . the cooling ratio of the casting and draw a strength curve corre- 


sponding to the strength of a one-half-inch square test bar cast 
from the same iron. Follow down the line which indicates the 
ratio, and its crossing with the upper diagonal line gives the 


, breadth of a square test bar which represents the casting; then 


continue down until the perpendicular cuts the strength diagram, 
which gives the strength of a one-half inch square section of the 
test bar which actually represents the casting. The intersection 
of the same perpendicular with the curve of multipliers gives 
the number by which to multiply the strength already found, 
to give the actual strength of the test bar twenty-four inches 
long which represents the casting. 

The curves of this chart apply only to square test bars. For 
example, a test bar two inches by one inch equals a bar 1.32 
inches square, which is located on the ratio .33, Fig. 5, and has 
a multiplier 10 for a bar twenty-four inches long; but the same 
material in the shape two inches by one inch tested flat needs 
a multiplier 8 (a), but if tested on edge needs a multiplier 
16 (0). 

A Standard Test for Cast Iron should show for every size of 
casting, the shrinkage per foot, the strength, tendency to chill, 
hardness, grain, tendency to form spongy spots, and the amount 
of silicon necessary to produce the desired quality. Such a 


test should be rapid and cs spas and one that any founder 


= 
The following test is suggested: 


Make three or four test bars one-half-inch square by twelve 
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inches long, and find the average shrinkage, strength, deflection, 
and depth of chill. By the shrinkage and strength charts, find 
the shrinkage, the approximate percentage of silicon, and 
strength for all sizes of test bars. 

At the same time make two four-inch square by twenty-four 
inch tést bars with uniform surface, and measure shrinkage 
and examine fracture for spongy spots. When practicable, get 
the average strength of the four-inch square bars, otherwise 
get four-inch square records from the strength chart. On a 
sheet of cross-section paper, like that used for the chart, mark 
the one-half-inch and four-inch strengths, and draw the curve 
which gives the actual strength and shrinkage for all intermedi- 
ate sizes of test bars. 

The relative deflection indicates relative hardness. In regu- 
lar foundry work, so long as the shrinkage does not vary, the 
quality of the casting will not vary. An increase of shrinkage 
shows the need of more silicon, and vice versa. 

Round or Square Test Bars.—These round bars were cast at 
the same time as the square bars in each series, and were tested 
by Professors Carpenter and Houghton, at Cornell University, 
and by Professor Woolson at Columbia University. The results 
are shown in Tables XXI. to XXIV., and averages of these round 
bars and of square bars are given in Table XXVI. for compari- 
son. It has been claimed that the round bar would be strongest, 
but in every case the reverse is true, and the variation between 
the record of the two round bars cast together is fully as great 
as between square bars cast together. 

Round Bars cast on end or cast flat. (See Tables XXV. and 
XXV1.) 

In Series 19, bars 93 and 98 were so defective that the records 
were thrown out. 

The average of the others in both Series 19 and 18 shows the 
bars cast on end to be considerably weaker than those cast flat. 

In 1894 the Western Foundry Association appointed a com- 
mittee to determine whether a round test bar cast on end was 
better than a square bar cast flat. The report was made Novem- 
ber 21, 1894.* In one group of tests all square bars cast flat were 
perfect, while 43 per cent. of the round bars on end were defec- 
tive. In another group of tests 18 per cent. of the square bars 
cast flat were defective, and 54 per cent. of the round bars on 


* The Iron Trade Review, Nov. 29, 1894. 
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end were defective. The committee reported that they could 
not endorse the round bar cast on end as against the square bar 
cast flat. During 1894 many other groups of tests were made 
by other members of the Association, and each exhibited similar 
results.* 

“The cause of the large amount of defective round bars cast 
flat and on end is due to practical difficulties in getting iron into 
the mould.” 

Tensile Tests of Cast Iron.—It has generally been conceded 
that, owing to the peculiar grain of cast iron and to the irregu- 
lar pull of machines for testing, this test did not give reliable 
results. But bars cast at the same time with the other bars, and 
tested by Professors Carpenter and Houghton, the results of 
which are given in Tables XXVII. to XXIX., give as regular 
results as the transverse tests, but no more so. 

These records are extremely interesting, as they show by 
another system of testing that increase of silicon strengthens 
small castings but weakens large castings, and that large cast- 
ings are proportionately weaker than small castings; that is, 
slower cooling of large castings causes them to be weaker than 
more rapidly cooled small castings. 

The tensile tests of Table XXX. show nothing of value except 
that the extensions are less with each addition of silicon. The 
bars were 15 inches long and too short to hold well in the grips, 
and each bar broke in the fillet; the results, therefore, do not 
indicate the strength of the iron. The bars of Table XXXII. 
were turned very accurately by Mr. Henry B. Binsse, of Newark, 
N. J., and were 20 inches long with 8 inches at centre, 1.065 
diameter, and they, with those of Table XXX., were pulled by 
Professor Woolson in the Emery testing machine at Columbia 
University. The readings of extension in both Tables were for 
each 2,000 pounds of load, and were in thousands of a milli- 
metre in a length of 200 millimetres. 

Bars 71 and 81 were held in the grips, the same as the other 
bars, and subjected to compression, for data to use in calculat- 
ing the position of the neutral axis in a transverse bar. It is 
seen that the average of the bars 72 and 73 cast flat is 25,250, 
and of the two sound bars cast on end is 20,791, showing the 
bars cast flat to be stronger. All the bars of Tables X XIX. 
and XXXI. are from Series 18, except 103 and 104, which are 


* The Iron Trade Review, Nov. 1, 1894. 
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from Series 19. The main object of this accurate tensile test 
was to learn if the irregularity of other tensile tests of cast 
iron was due to uneven pull of the machine or whether the 
granular structure was so uneven as to give irregular strengths 
to test bars poured from the same ladle of iron. The latter 
seems to be the cause. Table XXXI. shows the strength per 
square inch of eight bars cut from a casting six inches thick, 
and was pulled on the Olsen machine. 

These bars were made in the foundry of I P. Morris & Co., 
and the records were given me by the superintendent, Mr. D. J. 
Matlack, of Philadelphia. 

In explanation of the variation in strength of these bars, Mr. 
C. L. Prince, Camden, N. J., has sent me the following memo- 
randum: “Cylinder pf big press was cast from No. 2 X Swede 
and No. 2X Pulaski, with 15 per cent. of steel scrap. From 
this iron a bar 6” x 6” by about 18” long was cast on end. This 
block was cut longitudinally by planer into nine test bars. The 
bars from the centre side, and corner were turned 14” round, and 
at the middle for 4” to 1" diameter. The length was 12”, taken 
from the lower end of the casting. Three of the bars were 


Position in the Diameter Area in Broke at, Equivalent load, 
casting. in inches. 8q. inches. in pounds. lbs. per sq. inch. 


7854 10,800 18,750 
12,100 15,406 
7854 12,920 16,450 


“The grain of test bars in turning was very open and rotten, 
but the casting was close and good. 

“The variation in strength was due to slower cooling of the 
sides and centre.” 

Chemical Analysis.—For complete analysis of all test bars and 
for a discussion of the influence of the various chemical elements 
in cast iron, reference is made to “ Transverse Strength of Cast 
Iron,” pages 1100 to 1107, Transactions, vol. xiv.; also “ Physical 
Tests and Chemistry of Cast Iron,” read at convention of 
American Foundrymen’s Association, the /ron Trade Review, 
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DISCUSSION. 


‘Prof. C. H. Benjamin.—As I had the pleasure of 
the tests on the 2” 0,3” 0, and 4” bars for Mr. Keep, 
would like to coateibute to this discussion. i. 

I will confine my remarks to Table XIV. of the Appendix, © 
_ showing the average maximum loads for different sizes of beams. 
- The generally accepted formula for loaded beams assumes — 
that the strength of a beam varies inversely as the length and — 
his ‘directly as the breadth and the square of the height, or, in the ; 


ordinary notation : : 


in different cases. 


I have prepared a supplementary table from Table XIV., 
nen _ showing the actual ratios of load or strength as compared with 
theoretical ratio. 
ne To save time, I have used the nominal sizes instead of the 
- measured sizes, but the error is a slight one. 
; 1. Effect of Length. —Comparing 1” o bars, 12”, 24”, 48”, and 
_ 54” long: The longer bars are in nearly every case relatively 
ie weaker than the short bars. The few exceptions to this are 
- mainly among the bars high in silicon—Nos. 11 and 12. 
Effect of I Breadth.—Comparing 1” bars with 2” x 1”: Theo- 
ei  retically, doubling the breadth of a beam doubles its strength. 
In the case of the 2” x 1" x. 12” the average ratio is 1.76. In the 
_ case of the bars 2” x 1" x 24” the average ratio was 1:8. 
There are only two exceptions in the whole list, and those are 
in silicon. 
Effect of Height—Comparing 1" 0, 2” 0, 3” o, and 4’ o 
__ Theoretically, the strength of a square bar will vary as the oube 
of its side. The table shows that the bars are weaker relatively 
as they increase in size. 


The theoretical ratios being i 
the actual ratios are only Spee & 


_ where k is some constant depending on nature of material. 
ae That this statement is not true is shown in the paper under 
is indicated for finding the strength 
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4. Exponents.—The exponents of the length, /, which will give 
the actual strength ratios, are 1.061, 1.06, and 1.053, or an 
average of 1.052. 

Similar exponents for the breadth, b, are 0.815 and 0.848, or an 
average of 0.83. The exponents for the side of the square bar 
are 2.7, 2.74, and 2.73—a very close coincidence. 

The average exponent is 2.72. Subtracting from this the 
average exponent for breadth, we have 2.72 — 0.83 = 1.89 as an 
average exponent for the height, 4. Using these exponents in 
our original formula, we have— 
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as an empirical formula for the strength of any cast-iron bar, 
where k can be determined by breaking a bar 1” 0 by 12” long. 

Stresses and Moduli.—In looking over the Tables I. to XIII. 
one can hardly fail to be impressed with the fact that the terms 
“Stress on Outer Fibre,” “Modulus of Elasticity,” and 
“ Resilience” are meaningless for cast iron, as the values are 


ordinarily computed. 

The quantity in the tables is not the stress on the outer fibre, 
and no one seems to know what itis. If we wish to know the 
tensile strength of cast iron, we test it in tension. If we wish 
to know the load it will carry as a beam, we should test it as a 
beam, and then determine the effect of increase of any of the 
dimensions, and not resort to a term, “ modulus of rupture,” as 
some prefer to call it, which is of doubtful meaning anywhere, 
and especially so with cast iron. 

Modulus of elasticity as computed in these tables is likewise 
meaningless, is not a constant, and not a measure of the stiffness 
of the material. Resilience does not mean anything unless it 
includes the whole area under the elastic curve. 

Lastly, the elastic curve itself becomes meaningless when 
plotted from values of this so-called “ fibre stress.” The elastic 
curve should be plotted from the actual loads and deflections, or, 
what is better, drawn with an autographic attachment. 

The maximum load, the maximum deflection, the area under 
the elastic curve, and its general character will thus tell us all 
we need to know. : 


The influence of the size of bar upon the deflection may be 
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studied directly from experiments, and an empirical formula _ 
constructed, which will give the relative stiffness of all bars. 
It seems to me that we have too long been in bondage to so- 
called rational formulas. 
ALL BARS COMPARED WITH 1’ 0 x 12” oR 24”. 


Effect of Length. Effect of Breadth. 


x 48” 
x 54” 


| 205 | 


Nore.—No. 17 was omitted in making averages. 
* Excessive values. 


Mr. William. Kent.—In connection with what Professor Ben- 
jamin has said, I would like to sketch on the board something 

2p which was shown in the discussion of papers on cast iron at the 
ae _ Pittsburg meeting of the Mining Engineers. It came in the form 
communication from Professor Carpenter, member of this 
Society, concerning the modulus of elasticity and the elastic 
If we test a bar of cast iron and plot the 

results, we get a curve something like that here shown (Fig. 146), 

¢ which has no well-defined elastic limit at any point and in which 
a calculated modulus of elasticity varies at every point of the 
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lace of Breadth and Height, 
1.62 6.89 | 22.3 | 49.3 
| | | 84 | 5.73 | 15.4 | 349 
.... | [192 | i.89 | | | 
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- 90 | 210 | 48.7 
1.80 | 6.58 | 20.0 43.8 


test. Ifwe draw a tangent line from the initial point of the curve, 
that will not give the modulus of elasticity of the iron, because it 
is only the modulus at the beginning of the test. Now, if at any 
point we stop the test, take off the load, and plot the set of the 
bar, taking the elongations downwards as we go down, we will 
have a straight line. Then, starting the test over again, the 
diagram will be a straight line up to the same point; then, on 
continuing the test, the curve will follow the trend of the original 
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curve. If we stop at any other point and bring the load down 
to zero, you will have another straight line. We then have a | 
well-defined elastic limit of the bar, depending on how far we 
have previously strained the bar. If we strain the bar up to a 
certain point and take the load off, that point will be the elastic 
limit for the succeeding test, and these straight inclined lines 
will express the moduli of elasticity, these lines being practically 
parallel. 

Mr. Gus. C. Henning.—I wish to discuss this very point too on 
the basis of results in autographic diagrams which are pretty 
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ee : c well known and have been published for a couple of years. 
The diagram showing curve abcd, with lines bi and cl, is not 
strictly correct. If we obtain a proper curve, automatically 
drawn, of cast iron, we do not get the curve ad, but a curve like 
es be ax (Fig. 147). We will have a line which is very nearly straight 
ea " ie ee for a very small distance, ay ; then there will be a slight kink, or 
aa 2 a distinct change of curve, at y. Then, instead of getting a curve 
“a _ like abd, we get a curve something like ayx. Bauschinger & 
-Tetmajer plotted these curves several years ago very carefully 
7 an found a distinct kink at y, which is the only point from 
_ which to determine the modulus of elasticity. When we talk 
i - about modulus of elasticity, however, we must not forget that 


é 


— 


that applies to materials which are entirely uniform in their 
_ structure. It does not apply to minerals ; it does not apply to 
__erystals ; it does not apply to cast iron, which is a conglomera- 
tion of cemented particles. Our theory sometimes misleads us. 
_ We speak of modulus of elasticity of bodies which are perfectly 
elastic. The modulus applies to that part of the curve of a 
- material, when drawn automatically, within which the changes 
of shape are absolutely proportional to the loads applied. As 
soon as that point is passed, where the extensions or compres- 
sions—I mean to say, changes of shape—vary with the relations 
of the change of load, we no longer can apply our theory of the. 
modulus ; there is no such thing constant for cast iron. In the 
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_ first place, cast iron is not uniform. It has no point on its curve 
where change of shape is proportional to a change of loads. 
_ Therefore, our general definition of modulus, or our general 
_ method of determining modulus of elasticity of cast iron, does not 


& hold good in this case, so we might as well drop them altogether. 


The next point is about lines dc and cl. If we stop loading 
at the point ¢ and then take off all the load, we will not get a 
straight line, as shown by 0 and cl upon reloading. This is 

well known, and the latest illustration of it is shown by curves 
obtained by Olsen’s autographic recording apparatus, which has 
been designed on my suggestion making the apparatus mul- 
 tiply at least five hundred times; that is, a hundredth of an 
4 inch actual elongation will appear half an inch in length on the 
diagram. He actually gets that and obtains most beautiful 
results. Now, when the stress is removed and the pencil drops 
to zero, it does not describe a straight line on reloading, as 
shown at 07; it rises in a curve, as at if, which, however, is 
more nearly a straight line than in some alloys. In some mate- 
rials this “ elastic line ” is almost straight. But in cast iron it 
‘is distinctly not. The variation from a straight line is only 


shown when a proper apparatus or method for observing the 


same is used. But when we talk of tenths of thousandths of 
inches in determining moduli of elasticity, we must take them 
into account. We cannot take a diagram only two or three 
inches high, where the thickness of a lead-pencil line more than 
covers all the variation in any kind of material ; we cannot say 
those lines are straight lines, because we have nothing to ob- 
serve them with. The variations are considerably less than the 
thickness of any pencil line which can be drawn on paper. When 
you take Olsen’s apparatus, which multiplies five hundred times, 
then the thickness of his pencil line can be neglected, because 
the slightest variation immediately exceeds the width of that 
line. In that case we always find these lines ek and gm, and 
fk and hm parallel, as was stated; but they are not in any case 
straight lines, nor do the ascending and descending lines run 
back over themselves, but always vary very slightly from them. 
_ These nearly straight lines, bi and c/, and the large hump at 8, 
are characteristic of our more uniform and symmetrical metals, 
such as some of the higher bronzes and the steels ; when testing 
a high steel, almost a smooth curve like ad is obtained. But 
cast iron is like az. All the difference in materials lies within 
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thst change in shape. Therefore it is not fair to show such a 
curve and to show these lines, where these lines cover all the 
_ vagaries and all the differences that may exist in the materials; 
that is, in the properties which are indicated by these curves. 
_ All the curves which have been drawn heretofore have shown us 
; = practically nothing. Olsen is the first one who, by his new 
ae - autographic apparatus, has shown us the actual differences 
a foes ne I regret we have not yet in the Society a record of 
bales those diagrams, although he spoke of that apparatus at our 
meeting in New York two years ago. 
aie These curves and these facts stated by the preceding speaker 
a are not new. Attention was called to them by Bauschinger, as 
I said, several years ago—at least six or seven. Tetmajer, as 
long as ten years ago, in his investigations of cast iron, speaks 
of them and plots them very distinctly. It is very much to be 
regretted that Professor Tetmajer's work has never been pub- 
| : lished in the English language. I think he has done better 
‘es ee e work on cast iron of such grade as he has investigated than any- 
_ bodyelse. But he never realized, not being a practical founder, 
_ that cast iron was as variable as apples or potatoes. That is, 
- one man in his foundry will use one grade of iron and know all 
- about it, but as soon as he tries another grade he does not know 
poy _ the first thing about it. He will have to learn all about how to 
é a _ treat the new brand, all about how to treat it when he tries to 
pour it into the moulds. 
Keep on his autographic diagrams has also shown this. 
sin the paper some diagrams are given; but, unfortunately, Mr. 
Keep’s apparatus only gives you a very small diagram, and there- 
fore they are not very distinct. Mr. Keep found that a long 
time ago, and has always emphasized it. 
I wished to call attention to these differences, because so 
_-‘ Many erroneous opinions obtain at the present time about cast 
iron, and we cannot emphasize too strongly where the differ- 
_ ences are. 


STRENGTH OF CAST IRON. 
APPENDIX. 
TABLES OF PAPER NO. DCXCV. 


In the following tables the records of dimensions of test bar, _ 
maximum load, deflection, shrinkage, etc., are correct, having 
been compared with the original logs in possession of the Society, 
and also with the original notes made at the time of making tests. 

The calculations given in other columns were made by various 

persons connected with several engineering schools, and while the 
formule used by each can be reduced to the form given in this 
_ paper, the results vary slightly from what would have resulted 
_ from the use of the formule as given. 

The columns “ Max. Fibre Distance ” and “ Moment of Inertfa” 
were inserted in the tables because they were used in some of the 

formula employed. 

The Modulus of Elasticity in Tables XL, XIT., and XIII. was 
calculated from slightly different data from that used in the 
other tables, which accounts for the difference in the results. 

Tables XV. and XVIII. were made by dividing the fiber 
stresses in Table XIV. by constants, which gave the required 

strength. The results in these tables are therefore influenced by 
_ the variations in the results in Table XIV. 

_ So long as the data are correct the calculations are not impor- 
tant, and the variations are not sufficient to change the conclu- 
sions stated in the paper. 

It was intended to have all calculations repeated, and to use 

_ the formule as given in this paper, but no one could be found 
who could give the necessary time to the work before going to 

_ press with the volume of Transactions. The columns which are 

not filled are vacant because those having these calculations in 
charge did not have time to make them. 

The excuse for presenting these calculations with the incom- 
pleteness mentioned is, first, that the corrections were expected 
before the final printing ; and, finally, because it is doubtful if any 
of the calculated results are of enough value to make it worth 


while to recalculate them. F 


Kind of Iron ** Troquois ” (coke). “Hinkle” (charcoal). Southern. | Foundries. 
Number of Series.| 1 10 11 12/14 18 15/19 16 18 


“76 1.76 2.05 


« 
| 
> f 
ae 
pis. 
wa 
oe 
A-& 
Intended Si. 00 1.50 2.00 2.50 8.00 3.50/1.00 1 er + 
Ay. Si. by Analysis) 81 1.20 1.88 2.01 3.19 93 1.17 1.67 2.23 2.71 3.18 3.51; .92 
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TABLE I, 


**Troquois’’ Test Bars, }/’ 0 x 


Deflection | lent} Stress per 


Max. Max. 
‘ Load on 
Breadth. | Height. Lbs, Indes. Test Bar | in Outer 


Fibre. 


256 36,860 
40,230 
39,920 
39,470 
40,600 
41,500 
41,920 
40,850 
43,900 


45,800 
44,800 
45,800 
48,200 
47,100 
46,800 
50,300 


52,100 
52,700 
52,450 


© Ct CO DT 


501 | .508 | .251 260 | .105 
500 | .496 | .248 275 | .11 
508 285 | .15 
5 252 287 12 
505 | .502 | .251 | 287 | .125 
ee ° 508 | .502 | .251 295 | .14 
a 502 | .505 | .252 298 | .12 
512 | .508 | .254 300 | .125 
.505 .508 .251 312 .18 
Pye 
11 .500 .505 .252 325 .20 318 
12 511 .509 830 .20 311 
13 .5038 251 330 -215 318 
340 | .20 334 
ae 15 | .515 | .505 | .252 344 | .28 327 
| Se 16 | .514 | .510 | .255 348 | .28 325 
ee eS 17 508 | .500 | .250 352 | .21 349 
aes 21 | .505 | .504 | .252 | 372 | .245 | 862 
ee 22 | .502 | .506 | .253 877 | .24 366 
28 .504 -509 381 364 
Op. er: 8....4| 24 | .511 | .507 | .258 891 | .255 872 | 53,600 
ie 25 | .512 | .505 | .252 895 | .285 878 | 54.500 
96 | 517 502 405 | .295 388 | 55,800 
| 27 | .520 | .510 | .255 406 | .30 826 | 46,950 
31 | .498 | .500 | .250 | 405 | .97 406 | 58,500 
eee, 82 | .507 | .498 | .249 416 | .815 413 | 59,550 
Be 33 505 504 252 420 81 409 | 59,000 
428 | .29 428 | 61,700 
[a 85 | .500 | .499 | .249 480 | .88 431 | 62,050 
i. BS: far 86 | .506 | .500 | .250 438 | .82 432 | 62,200 
— ms \| 37 | .509 | .508 | .251 450 | .35 436 | 62,800 
Al .509 .502 .251 410 | .275 309 | 57,500 
a Boe 42 | .508 | .506 | .258 | 415 | .285 | 399 | 57.500 
oS 48 | .508 | .500 | .250 490 | .27 417 | 60.000 
-505 504 252 430 418 60,250 
4 .500 | .250 2 | .285 433 40 
= 4 46 | .504 | .499 | .249 440 | .815 438 | 63,100 
er \aethace 47 | .504 | .508 | .251 465 | .855 455 | 65,600 
| ee 51 | .525 | .514 | .257 | 450° | .20 405 | 58,300 
52 495 .497 | .248 450 .83 460 | 66,300 
58 | .505 | .501 | .250 450 | .83 443 | 63,800 
| | 518 | .256,| 480 | .855 | 486 | 62,800 
a. 55 | .504 | .499 | .249 495 | .40 498 | 71,000 
es : 56 | .510 | .501 | .250 500 | .40 488 | 70,500 
4 Fibre stress = 144 x Load. 
az 


Test Bars, }/’ x 12”. 


Deflection 
in 


Inches. 


Equiv'lent 
Load on 
Test Bar 
o x 


TABLE II. 
| 
No. of | Test Stress per 
Sireadth. | Height. Fibre Dis- Load in 
a 61 | .506 | .508 | .251 820 | .155 313 | 45,100 
a 62 | .499 | .506 | .253 | 327 | .16 317 | 45,600 = 
ee 63 | .506 | .504 | .252 | 380 | .15 320 | 46,100 a 
ee 64 | .510 | .507 | .258 | 385 | .165 319 | 45.900 a 
65 | | .250 340 | .165.| 348 | 50,100 > 
—. 66 | .519 | .506 | .258 347 | .17 286 | 41,200 aa 
: a 67 | .515 | .510 | .255 870 | .20 345 | 49,600 a 
71 | .501 | .508 | .251 380 | .255 374 | 58,800 
72 | .501 | | .251 | 380 | | 874 | 53,800 — 
ae. - 73 | .501 | .500 | .250 | 385 | .25 384 | 55,300 a 
804 | | | | «885 384 | 55,300 
7 | .501 | .509 | .254 405 | .285 390 | 56,200 
— 76 | .509 | .505 | .252 405 | .82 390 | 56,200 aoe 
77 | | .502 | .251 418 | .835 405 | 58,300 
81 | .510 | .507 | .258 320 | .20 305 | 48,900 
82 | .504  .498 | .249 322 | .195 322 | 46,300 
88 | .506 | .256 | 322 | .195 | 308 | 44'300 
%...4| | | | 322 | .215 305 | 48,920 
85 . 505 .504 .252 | 38338 |  .22 324 | 46,700 
86 | .517 .508 | .254 | 335 | 21 818 | 45,100 
— 87 | .508 .504 | .252 | 345 | 387 | 48,500. 
91 | .507  .508 | .261 412 | .30 | 401 | 57,700 
92 | .509  .495 | .247 420 | .81 481 | 62,100 
| 93 .497 | .508 | .251 440 | .38 434 | 62,500 ja 
10....4| 94 | .507 | .500 | .250 445 | .365 432 | 62,200 +a 
9 | .508 .504 | .252 448 | .82 484 | 62,500 
96 | .505 | .505 | .252 | 450.| .40 
97 | | 455 88 | 455 | 65,500: 
101. || 256 | «400 | +364 | 52,400 
102 | .497 | .499 | .249 400 | .26 404 | 58,200 a 
| 108 | .508 | .504 | .252 428 | .29 | 418 | 60,200 lee 
11....4] 104 | .510 | 2500. | .250 460 | .305. 450 | 64,800 
105 | .508 | .502 | .251 470 | .86:.| 468 | 66,70@; = = 
106 | .521 | .520 | .260 50) | .84 | 443 | 63,800 aan 
fay 
i506. | | 420 | (98 408 18,109, 
12 1118 | .506 | .502:| .251-| 448 | 489 | 6388 
414 | .607 | .500 | .250 | 455 | 448 | 64,600 
115 | .607 | .506 | .253 461 | .835 443 | 63,800 
(116 | .507 | .500 | .250 | 468 | .87 461 | 66,300 aa 
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RecorD or Test Bars o x 12”. 


No. of 
Breadth. | Height. 


_Max. Max. /|Deflection 
Fibre Dis-| Load in in Test Bar 
tance. Lbs. Inches. | 474 x 
12”. 


Stress per 
o ” 


in Outer 
Fibre. 


370 -205 342 
- 250 380 - 205 374 
255 885 205 362 


252 370 -215 359 


265 380 -19 334 
380 225 363 
-252 390 22 380 


-248 390 225 397 
257 455 255 440 


251 450 -255 442 
250 450 - 26 454 
260 350 095 319 
251 370 10 351 
253 375 10 372 
253 380 11 369 
252 390 12 374 
256 395 11 364 
247 350 22 342 
254 355 22 341 
252 380 25 371 
249 390 25 376 
255 395 265 360 
| 247 395 27 391 
| 249 425 24 425 
.248 445 26 442 
247 450 265 450 
250 453 27 442 
251 461 -26 444 
243 418 18 435 


| "253 487 | .187 480 


49,300 
53,800 
52,100 - 


51,700 
48,100 
52,300 
54,700 
57,200 
63,400 


56,200 
55,600 
57,600 
57,700 
59,600 
63,400 
63,600 
65,400 


45,900 
50,600 
53,600 
53,200 
53,800 
52,400 


49,300 
49.100 
53,400 
54,200 
51,800 
56,300 


61,300 
63,700 
64,900 
63,700 
64,000 


62,600 
69,300 
69,100 


4 


~ 
ads, 

i 


| 
— 
121 .520 .510 
128} .511 | .510 
181; | 505 | 
182 | .506 | .530 
184 | .505 .504 
136 | .492 | .515 
| +250 390 | .21 | 390 
142) .500 | .504 | .252 400 | .285 | 386 
143 | .506 .508 .251 410 400 
aa 144} .508 | .509 | .254 428 | .845 401 
145 | .498 | .519 | .259 | 440 | .22 414 
146 | .491 | .510 | .255 | 450 | .285 | 440 
147 | .504 -502 
148 | .497 
151 | .507 | .52¢ 
152 .508 
153 | .49 BOE 
156| .517 | 
162 | .50 508 
168 | .504 | .50- 
166 | .515 “49% 
171 | .503 | .49 
172| .507 | 
174} .510 | 
175 | .512 | .50% 
181} .502 | .48' 
P 
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Bars x 12”. 


Deflection. 


No. of Test Bar. 


No. of Series. 
At 400 lbs. 


a 


vas 


— IV. 
| — 
45 25 022 056 
52 17 265 024 .06 
93 AT .28 .028 .072 
= 102 .175 .082 
118 .165 .026 .066 
162 18 03 
171 16 .22 .016 
172 .165 .28 .018 a. 
178 15 .22 018 
a 175 15 21 .014 
181 .0925 £1225 0 0 A 
1838 .0985 .1285 0 


gar 


Size or Bar, 1/0 x 12”. 


No. of Series. 
Fibre 
stance. 
in Lbs. 
Shearing 
pero”. 
of 


pero” 


Breadth 
| Height. 
x 
i 
Moment 
of Inertia. 
Max. Load 
Deflection 
in Inches, 
Stress 
uter Fibre. 
Stress Lbs. 
Modulus 
Elasticity 
Resilience. 


| 
|o 


“Troquois”’ | 
(coke). 


: 


oF 
: SS: 


23 


10,51 


: B38 


888 


| 
(charcoal). 


: 


\ 


Southern...... 


} 
. 
: 
a7 9 
*1| 68 8 
6} iil 10,100,000 
112 1043 |. 15,300,000 (117.2 
7{| 138 986 | |108.7 
134 1075 oa’ 181.1 
g} | 156 1310 171.5 
7 2 | Af 10,300,000 |142.1 
178 515 | .094 |2380 | 1112 | 11,500,000 |149:9 
104 200 51 | .091 |2100 1000 | 10,850,000 |120.7 
ie 199 52 | .097 |2270 | .137 1050 | 10,200,000 |155.4 
11 222 52 | .097 |2150 | .106 995 | 11,540,000 |113.9 . 
See 221 52 | .097 |2430 .150 1125 9,760,000 |182.2 
| 12 244 515 | .093 |2105.6| .105 993 | 9,620,000 |110.4 
144 277 | 1.04 515 | |2420 | .089 | 39,776 | 1180 | 10,720,000 |107.6 
| | 278 | 1.01 | | .51 | .089 |2762 | .100 | 47,500 | 1341 | 16,150,000 |138.1 


TABLE VI. 


© 
= 


|| 


jo 
snjnpoy 


11,390,000 |151.9 


453 


46,700 | 677 | 22,000,000 (356 


Ut 


Uf 
puoy 


jo 


x 
x 
a 

a 
a2 

& 
a 
N 


“XBW 


:: 


489, ‘ON 


822) 1.02 


Jo “ON 


Kinp oF Iron. 


we 


** Troquois 
(coke) 

Hinkle” 

(charcoal). 


' 
Southern .. 


Malleable.....|17 


STRENGTH OF CAST IRON, 105 
| | | 
a 
+.04| .52 | .097 | 980 | 151, 
1.08 | .515 | .098 | 1,045] ....-| 34,700 | ... 
1.04 |-:52 | .097 | 1,010] .885 | 32,500 | 467 2,380,000 
i| * 1.04 | .52 | .097 | 1,086 | .385 | 33,333 | 479 | 11,300,000 
1.02 | .51 |. .093 | 1,175] .49 | 38,650 | 549 | 12,340,000 
es lls 1.02 | .51 | .090 | 1,290| .5925| 43,817 | 620 | 12,090,000 eae 
1.04 | .52 | .097 | 1,250] .4825] 40,218 | 578 | 13,100,000 
1.02 | .51 | .092 | 1,275] .61 | 42,500 | 601 | 11,520,000 
> ‘ 1.05 | .538 | .102 | 1,210] .595 | 37,750 | 560 | 10,500,000 : 
1.04 | .52 | .098 | 1,200| .57 | 38,216 | 550 | 11,699,000 
1.04 | .52 | .097 | 1,220] .46 | 39,253 | 564 | 11,610,000 
8 1.08 | .515 | .094 | 1,244] .52 | 40,921 | 581 
3} 1.08]... 40 | 35,400 | .... 
4 | 1.04] 65 | 34,749 | 500 
8 4 | 1.04] .52 675| 33,785 | 486 
4 | 1.08 | 95 | 37,800 | 537 if 
9 1.046) .... .. | 32,600] .... 
3 | 1.03 | .515 7 | 38,410 | 547 14.6 
110 | 1.04 | 152 99 | 33,300 | 477 
1.03 | .515 71 | 34,500 | 490 
411.08 | .515 75 | 39,473 | 560 85 
12 4 | 1.04] .52 82 | 39,897 | 574 67.8 
i 3 | 1.03 | .515 45 | 46,500 | 660 81.5 a 
0 | 1.00} .50 | .083 | 1,190| .865 | 43,053 | .... | 15,210,000 |217.1 
2 | 1.02 | .51 | .090 | 1,210| .385 | 41,955°| 581 | 14,950,000 [232.9 
3 | 1.01} .50 | .088 | 1,125| .880 | 40,600 | .... | 12,900,000 
4 | 1.04] .52 | .097 | 1,220] .895 | 39,300 | 564 | 11,740,000 [276.5 
4 | 1.03] .... | 094 | 1,117] .... | 87,000 | .... | 11,600,000 |...... 
| 878 .515 | .092 | 1,240! .24 | 41,168 | 591 | 19,100,000 |148.8 
. (| 874] 1.04 | 1.05 | .525 | .100 | 1,845) .26 | 42,300 | 622 | 17,100,000 |175 ae 
164 | 310| 1.02) 1.02 | .51 | .090 | 1,026 | .397 | 34,900 | 497 | 14,000,000 |208 
| 1.02 | .51_ | .098 | 1,182 | .425 | 38,828 | 552 | 13,700,000 
333] 1.03 | 1.08 | .515 | .093 | 1,890| .350 | 45,800 | 6 98,000 |242 
334] 1.00 | 1.04 | .52 | .093 | 1,410| .850 | 46,900 | 
1.04] .52 | .095 | 1,404) 


TABLE VII. 


or Test Bar, x 48’. 


No. Test Bar. 
Breadth. 
Height 
Max. Fibre 
Distance. 
Moment 
of Inertia. 
Deflection 
in Inches. 
Stress per 
o in Outer 
Fibre. 
Shearing 
Stress Lbs. 
per oOo”, 
Modulus 
of 
Elasticity. 


| Resilience. 


: 
3388 
23 


: 2888 


7 
8 
30 
29 


**Troquois”” 
(Coke). 


Py 


RRESSE: 
BRE 


2S. 


222282 


gS 
= 
= 


£82222 


88 2888: 282888 282282: 


sexe’ 
2222 


«| 


STRENGTH OF CAST IRON. 

P ig 
Kind of Iron. | » 
(| 
4 
34 
— 3 647.36 
3 7 139 51 | .090 | 480 230 848.00 
162 515 | .094 | 482 225 368.73 
| a 161 52 | 1099 | 574 261 545.30 
9! 184 51 | .092 | 525 247 396 .37 
416.98 
476. 
Southern. .... 14} 281 485.16 


SESESESERSLS 
| 


,000 |495.55. 


900,000 | |473 
300,000 |365.56 


18. 
15. 
15, 


*,,Q aod 


242 
264 


ano | SE SBS : 
83 


34 


uy 


1.48 | 39,331 


1.87 


Ut 


457.8 | 1.73 | 35 


| 


Jo 


x 
Oo 

° 
N 
al 


0830 | 478 
.0850 | 494 


“XBW 


50 
50 


| 


Hinkle” 
(Charcoal). 


‘*Troquois 
(Coke). 
Southern ..... 


1.02 | 1.02 | .51 | .o90 
| 1.08 1,02 51 .091 478 
| 1.03 | .515 | .094 | 468 | 2.15 
1.04 | 1.03 | 515 | .094 | 473.2 2.18 
1.04 | 1.08 | .515 | .094 | 512 | 2.41 
1.08 | 1.08 | .515 | .093 | 528.2] 2.36 
1.02 | 1.02 | .51 | .090 | 500 | 2.387 14,383, 
1.04 | 1.02 | .51_ | .092 | 582.8) 2.59 13,240, 
1.08 | 1.03 | .515 | .0986| 540 | 2.66 12,250, 
1.02 | 1.02 | .51 | .0902| 540 | 2.44 12,600, 
1.08 | 1.02 | .51 | .091 | 420 | 1.97 11,983, 
1.02 | 1.02 | .51 | .0902| 480 | 2.04 11,746,( 
ey .04 | 1.08 | .515 | .0940 | 439.4] 1. 4,360, a 
.04 | 1.02 | .51 | 0919) 460 | 1. | 14,800," 
04 | 1.02 | .51 | .0919 | 445 | 
Fs 02 | 1.02} .51 | .0902 | 480 4,000,¢ . 
.03 | 1.02 | .51 | .0910 | 490 | §18,600,¢ 
02 | 1.02 | .51 | .0902 | 490: | 
.08 | 1.02 | .51 | .0909 | 454 | 92.250, 
| 1.02 | .51 | .0909 | 462 2,600, ¢ 
.04 | 1.02 | .51 | .0919 | 486 2,300, — 
‘a 08 | 1.02 | .51 | .0909 | 520 8,100, — 
| 284| 1.02 | 1.00 
= 1.01 | 1.00 | .50 | | 530 


*Troquois 
(Coke). 


Hinkle” 
«Charcoal). 


| No. of Series. 


o worn 


on 


Size or Test Bar, 2” « 1” x 12” 


| 
| 


Moment 
of Inertia 


Max. Fibre 
Distance, 
Deflection 
in Inches. 
Stress per 
o”’ in 
Outer Fibre 
Shearing 
Stress Lbs. 
per 0” 


Modulus 


of 
Elasticity. 


78) 2.03 
2.08 


| Height. 


"32330 | 919 
.33075 | 918 


-38398 |1108 


BR 


PP pwwn, 
22 


Resilience. 


| 
Kind of Iron. | 4 
3.06 | “168 | 4100 | .142 | .38000 |1019 | 12,240,000 i201 
51. | (179 | 4500 | [147 | 1086 | 12/390'000 33000 
505 | '174 | 4250 | :133 | |37000 [1037 | 12'000,000 282 
‘50 | | 4420 | .147 | 139240 |1088 | 11:440/000 [324 
122| 50 4180 | .164 | .37321 ws | 10,190, 
8 { 165 2.04 | 1.04 | | .191 | 4284 | .098 | .83000 [1010 
21 ‘50 | | | “iar | 36300 [1000 | 10°900°000 (980 
23 50 | 169 4100 | .137 | 6 11'600,000 270 
il; 29 50 | .168_ | 4120 | .128 
5 25 -50 | -1708 | 3670 | .1154 10.000.000 231 ray 
[1124 | ‘50 | .1666 | 3675 | 
52 | .191 | 4700 | .105 | »450, 
Southern. } | .51 -180 | 4880 | -133 | .40800 (1161 | 11,290,000 


TABLE X. 


Size or Test Bar, 2’ x 1’ x 24”. 


| 


Kind of Iron. 


No. of Series. 

No. Test Bar. 
Distance. 

Inertia. 

in Lbs. 


Breadth 
Height. 
Max. Fibre 
Moment of 
Max, Load 
Deflection in 
Inches 
Outer Fibre 
Modulus of 
Elasticity. 


| 


Stress per 0” 


| 


| 


. 


co 
= 


**Troquois 
(Coke). 


| 


S 


oar 


o 


** Hinkle” 
(Charcoal). 


: BB: S88 


+ rw 
: BS! SS 


= 


2 


a 


2888 
3882 


SRLS: : 
S2 288288 


woo 


aoa 


(220 
~ 


«= 
8 
(000/496 
000/481.75 
(000 492 
000|549 
000 561.60 
715 | .8901| 30,870 |428.75| 11,300,000/369 
925 | .4174| 34,650 |481.25| 12,800,000}498 
840 | 505 | 29,750 |429 | 11,860,000/864.60 
122 | .455 | 36,100 [510 11,650,000)482.75 
210 | .483 | 39,780 |552.5 | 12,660,000/657 
940 | .450 | 32.484 |......| 10,900,000]....... 
045 | .3266 | 36,810 |511.25| 18,600,000'390 
| Southern. 155 | .404 | 38,790 [536.5 | 12,900,000/500 
245 | 4316 | 38,165 (539.6 | 13,400,000 483.997 
Foundries. 
a 
Malileable. 
7 


i2 


Size or Test Bar, 2’ 0 x 24’. 


| Breadth. 
Max. Fibre 
Moment of 
Inertia. 
Max. Load 
in Lbs. 
Deflection 
in Inches. 
Outer Fibre. 
Shearing 
Stress Lbs. 
Modulous 
of 
Elasticity 


11,430,000 
9,800,000 


ores 
Ss 


; 


10,820,000 
9,657,000 
10,610,000 
7,991,000 
10,700,000 
9,002,000 


DS SO cr Or cr 


SSSSSERRERS 


wor 


> 


170 
169 |2.07 
191 
192 |2. 
214 |2. 
218 |2. 
2. 
2 
2. 
2. 


E 


— 


235 
236 
257 
258 | 


290 
289 
269 
270 | 
301 |2. 

802 | 


877 
378 
314 
313 
338 
337 
326 
825 


ore 


2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2, 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 


D 
Ss 


837 

1023.5 
1001.2) 10,560,000] 
1007.2 
994.8 
1016.2) 10,306,000 


1019.1 
1075 | 10,610,000 


s3 s 


W W WW WW WW WwW 


a 


WwWwwww 


2325 


SSesss 


STRENGTH OF CAST IRON, 
=, 
= 
1 16 26,315 | 749.4 | 497.7 
15 170 27,150 | 773.3 | 522.5 
9 §| 38 .230! 29,759 | 883.2 | 793.5 
— 87 .201| 30,390 | 860.8 723.6 
ae -260| 30,114 | 845.1 910.2 | 
60 .255| 31,450 | 885. 930.7 
.200) 27,872 | 789. 670 
.251) 29,980 | 853. | 922.6 
5 108 .270| 34,919 | 994. \1134 
'270| 36,100 |1004. 1134 
.240| 24,996 | 708 714 
126 |2.0 -281| 27,487 | 777. 913.3 
148 |2.¢ 215, 28,398 | 7 709.4 
147 |2.( 210) 28,281 | 7 703.6 
-291| 27,860 | 801. 989 .5 
| .820) 30,150 | 855.9 1168 
511.436 .249) 28,650 | 813.1 846.7 
11443 29.125 | 821° | 9,762,000] 941.9 
.230) 27,280 | 774.9) 9,601,000) 745.3 
246| 28,650 | 817 836.4 
27,200 | 782.2 850 
240| 27,600 | 793.6] § 00} 828 
200) 29,547 700 
| 
210| 34,800 866.4 
.210| 35,728 871.6 
35,112 836 
.218| 35,878 926.7 
.208| 36,200 852.8 
.282). 38,300 | 1032.5 
|.215| 41,750 
|-209 30.757 ae 
|.195} 85,289 
Ree |.210| 36,350 
| -180 56,965 
| 


TABLE XII. 


Max. Fibre 


Distance. 
tress Lbs. 


Height. 
Moment. 
of Inertia. 
Deflection 
in Inches. 
Shearing 
pero”. 
Elasticity. 


Breadth. 


| No. of Series. 


or 
28 


2 
S85 


or 
as 


BRSSSS 


© @ - 


- 


ao 


e 


— 


oo © 
SESEES 


_ 


SR SSSSRS 


| Resilience. 


200 Or or 


| 


orto 
D> 
ore 


w 


i 


S1zE oF Test Bar, 3/0 x 24’. 
706,00 
667,00 
9/8 ,609,00 
4| 3 
3 837,00 
329| 21,500) .202| 26,768] 1,130 | 7,642,00 
231] 22,800] .225| 28,660) 1,206 
236 21,600) .260| 27,216] 1,150 
255) 22,750) . 240) 28,574) 1,207 7,506,00 
213} 18,400] .190| 23,276} 982.5 
55| 19,300] .200| 24,241| 1,024 | 7,680,00 
255| 20,500] .210| 25,748] 1,088 | 7,935,00 
255| 20,600) .210| 25,874 1,093 
207| 21,400] .218| 26,804| 1,135 | 6,898,00 
188] 21,75) .280] 27,601) 1,165.5 
138| 27,100| .209| 34,607) 1,461 8,157,00 
28,700) .280] 36,650) 1,548 
24,900) .160| 31,922) 1,343 | 8,664,000) 1 
100| 25,600] .170) 83,152) 1,390 
149 28,700 .146| 29,305 1.249 
24,400) . 150} 29,475) 1,269.3) 8,188, 
235| 20,800) . 182] 26,312) 1,114.5] 8,272,000] 
114) 24,600| .165| 
158| 81,600) .190| 40,090 
De | 7.118] .196| 39,200 
| 52 |'7.299| 21,700) .165| 27.087 
| 51 |'7.160| 22,600| .195, 28,585 
52 |7.040| 25,300) .165| 83, 150 
7.022) 25,400| .190) 32,652 
17 § | 827): 6.501| 41,200] .180) 56,049 
6.745| 42,400| . 198] 55,839 


STRENGTH OF CAST IRON. 


‘TABLE XIII. 


Size or Test Bar, x 24’. 


Max. Fibre 
Distance. 
Moment of 
Inertia. 
Deflection 
in Inches. 
Outer Fibre. 
Shearing 
Stress Lbs. 
per 0”. 


| Breadth. 


| Height. 


of 
Elasticity. 


Modulus 


eo 
© rw 


@ 


= 


OS 
o 


o 


SS 
esssessseees 

29 


2288 


or 


SUR 
or 


a 


WW WWWW WWWWWWWNWWWWW WWW WWW WWW 


Sf SSBRSGE SSLSESESSSESE 


ssssse 


6,586,000 
5,589,000 
5,161,000 
5,751,000 
5,293,000 
4,860,000 


5,213,000 


6,033,000 


5,385,000 
6,319,000 


4,913,000 


4,867,000 
6,036,000 


6,320,000 
5,813,000 


Resilience. 


Z | | | 

4,373 
5,821. 

3,986 
8,105 

3,740 

4,122 
4,165 
2,685 
2,985.5 

3,011 
4,272 
22.78 | 48,000] .179| 22,950 |1,298 | |3,849.5 

21.875) 43,700] .190| 24,000 |1,382 4,152 
22.78 | 52,700] .185| 28,150 |1,591 4,875 
21.815| 54,200] .191) 29,810 |1,656.5| 5,176 
22.865] 45,600] .175| 24.855 |1,377 3,990 

22.695] 47,000] .200| 25,820 |1,422 4,700 

22.48 | 50,300) .170| 27,187 |1,530 4,276 

22.535 52,700 .164| 28,416 |1,598.5 4,321 
22.854] 42,600] .170| 22,757 |1,283 | (3,621 
22.925] 46,200] .180| 24,611 |1,391 4,158 
22.52 | 44,400] .170| 24,000 |1,324 5,774 
22.81 | 46,400] .180| 24,843 |1,404 4176 
22.81 | 51,500| .136) 27,985 |1,57 |3,502 
22.367] 53,400) .166) 28,943 |1,62: 4,432. 

23.945) 54,400) .140) 28,016 |1,599 3,808 
28.78 | 55,700} .135| 28,958 |1,657 8,760 

23.084! 56,000] .170| 29,691 |1,678 4,760 
22.865] 56,700} .162| 30,288 |1,711.5 4.593 
‘ 

22.65 | 67,000] .111] 36,000 
22.88 | 70,000] .120),87,157 
21.95 | 43,400! .167] 23,800 
22.89 | 45,600] .160) 24,754 
gg §| 841 .085)22.81 | 58,400) .175) 31,238 
17 §| 329 3 | 92,000) .146| 53,852 

380 1.975|20.68 | 92,000] .110| 52,626 


Lad 


STRENGTH OF CAST IRON. 


‘TABLE XIV. 


AVERAGE MEASURED MAXIMUM LOAD (TRANSVERSE). 


x 12” 


No Series. 
x 1” x 


6,400 
7,050 
7,150 
7,025 
8,400 
6,225 


6,650 
7,050 
6,850 
6,640 
6,850 
7,800 


8.275 | 25,250 | 
8,450 | 24.050 | 
8,650 | 22,700 | 


9,600 | 31,600 | 
7,250 | 22,150 
8,200 | 25,350 | 58 


18,450 | 41,800 | 92,000 
| 


G0 OD 


1 
2 
3 
4 
5 
6 


oa 289 | 2,589 |1,013| 513} 468 | 4,181 | 1 5,200 | 54,500 
339 | 2,140 | 1,023 | 550 | 471 | 4,050 1 22,800 | 50,450 
389 | 2,619 | 1.248, ... | 518 | 4,300 | 2 9,250 | 42,700 
427 | 2,620 | 1,107 | 556 | 517 4,335 | 1 9,300 | 48,750 
430 |..... |1,282| 585 | 540/..... | 8,175 | 42,600 
- 471 |2,214|.....| 557 | 425 | 4,180 (7,750 | 42,150. 

338 | 2,186 | 1,073 | 468 | 450 | 4,030 | 1,708 12,150 | 43,350: 

395 | 2,457 | 1,100 | 528 | 463 4,272 1,925 2,175 | 53,450: 
829 | 2,356 | 1,088 | 527 | 490 |..... 18,850 | 46,300 
10 489 | 2,185 |1,042| ... | 458 | 3,775... 0,550 | 51,500. 
11 443 | 2,290 | 1,172 | 581 | 503 | 4,110 | 2,1 11,575 | 44,400 
12 456 | 2,105 | 1,820} 501 | 478 | 3,670 | 2,807 45,400. 
14 | 378 | 2,501 |1,200| 612 | 512 | 4,765 | 1,962 52,450: 
| 
18 446 |..... | 7,400) -... | | 2,852 


“TABLE 


‘ ” 
(Coke) 


Hinkle” 
(Charcoal) 


| 468 
520 
| 518 


1,113 | 555 


972 | 431 
1,046 | 469 
| 985 | 474 
936 | 
1,036 | 523 | 
1,198 | 446 | 


611 


4 


468 
490 


7,299 


7,936 
7,910 
8,272 


8,941 
6,789 
7,919 


2,651 | 12,786 


24,112 
21,556) 49,201 
17,459) 40,632 
18,015) 46. 
22) 136) 40,2 
17,202) 40 


20.791) 40,964 
20,929) 51,628 
17,823) 44,114 
19,363} 49,468 
20,406) 42,142 
26,728) 42,994 


24,409) 50,649 
22,048) 50,904 
21,661) 53,357 


30,221) 65,094 
20,882) 44,217 
24,526) 56,079 


41,968 94,731 
| 


52,555 


« 


dun 


AVERAGE MAximuM LOAD FOR NOMINAL SIZE BAR (TRANSVERSE). 
2/8 a | | Bl . | a a 

Iron. x x x x x | x x x 

1 |282| 2,292) 918 | 439 | 3,975 | 1,687 | 5,962 
2 | 326| 1,894; 914 430 | 3,759 | 1,883 | 6,661 

3 | 365 | 2,369 | 1,141 481 | 4,171 | 2,173) 6,853 
|| 4 422) 2,329] 1046 483 | 4,216 | 1,823| 6,427 
| 5 | 423) .... 503 | .....| 1,962 7,838 
{| 6 | 454) 1,98: 400 | 4,147; ....| 5,826 

% | 821) 2,01 414 | 3,793 | 1,614| 6,299 

| 8 | 386 | 2,14 8,956 | 1,925| 6,419 

9 | 316 | 2,15 1} .....| 1,665} 6,440 
| 1,98 428 | 3,568|. ...| 6,274 

. —_ || 11 | 424) 2,04 | 4,066 | 2,104| 6,091 
\| 12 | 426| 1,944 3,634 | 2,012| 
14 | 359! 2,424 1,181 | 3,958 | 1,877 

15 | 416| | 1,015]... 

19 | 858) .....| 1,188] ...|...| ..... | 2,708 

Foundries..4 | 16 | 363) ..... | 1,024) | 2,066 
| 
— 


— OF CAST IRON, 


1” cx 54/’ 
1” x 12” 
4’o x 


40,584 35,606) 35,773 26,732 | 32,142) 29,536 
46,944) 34, 34,807| 33,828 29,974) 28,735) 27,651 
52,581) 4: 38,934) 37,540 30,839 | 23,278) 22,834 
60,664 87,274! 39,113) 37,947 32, 810) 28,926) 24,014; 26,265 
60,995 39,958) 40,729 85,307 35,271 29, 22,619 
65,400) 35,677 36,270 32,346, 37,321 26,216) 22, 930) 22,717 


46,243) 36,336) 34,989) 31,070) 38,517| 83,866 29,056) 28,337 27,714| 28,022 
55,563) 38,621 | 37,665) 33,799) 35,279) 35,606! 34,650) 28,884/ 27,895) 29,013 
45,545) 38,852) 35,455) 84,154!) 37, | 29,978) 28,982) 23,758) 24,792 
62,222) 35,666 | 38,700 | 84,696) 32,069 28,232) 25,811) 27,801 
60,713) 36,840) 37,286) 37, 647 37,939 | 36,595) 37,873) 27,400) 27,202) 28,684 
61,201) 35,000) 43,127] 32,144) 89,700) 32 217) 32,835) 35,628) 24,168 


51,777) 43,638) 42,504 40,967) 34 727) 38 815) 35,615) 32,537) 28,464 
54,552 8,477 | 35,495) 29,390) 28,487 
852 87,225) 28,875) 29,987 


526 89,741| 40,286) 36,083 
53,011 80,550) 27,836) 24,850 
63, 446 35,637) 32,692) 31,526 


| 67,008 ,710) 57,314) 55,944) 53,289 


gS 

= 


— 


Hinkle” 
( Charcoal.) 


South- 
ern 


Malle- Found- 


able. 


ries 


Ales 


AVERAGE STRESS PER INCH ON OUTER FIBRE. 
y 
Iron., x x x x 
e 
5 
6 
4 
7 
10 
12 
14 
18 
ny 
19 
16 
18 
Mes 
| ite 


AVERAGE MEASURED Ma 


STRENGTH OF CAST IRON. 


i] 


TABLE XVIL. 


that 


XIMUM LOAD IN TERMS OF SECTION 
x amp Tp x 29". 


oF TEST BaR 


No. Series. 


Iron. 


1’o x 24" 


1”’0o x RAS? 


** Troquois (coke). 


**Hinkle’’ (charcoal). 


Southern. 


eee 


eee 


= 
> > 
n al 
x x 
S > 
x x 
} ~ 
> 
Ge 


eee eee 


80 x 24” 


see eee 


eee eee 


288 


1,836) 
| 298 
2,382 


2) 1,681 


2,841 
1,641 


1,877 


333 | 
8,096 


2,067) 


234 | 


| 1,781! 


223 | 


1,870 


210 


292 
205 
235 | 


387 


4” x 24” 


: 
| | | | 
x x x 
8 
R 
289 | 824] 258 | 257 | 268| 261) 232; 200 218 
(| 2,812] 2,590} 2,025) 2,050) 2,105} 2,090, 1,857] 1,600 1,866 1,703 
i; 839 | 267 | 356 275 | 965| 953 345) 320) | i97 
2,712) 2,140) 2,046) 2,200| 2,117] 2,025) 1,958] 1,762) 1,688) 1.576 
389 | 827 | 812 |__| 391] 269) 986| 223| i78| 167 
8,112) 2,619} 2,540)......| 2,829] 2,150) 2,290] 1,787) 1,425] 1,384 
497 | 328 | 301 | 278 | 271 | 229| 220 179) 190 
8,416) 2,620, 2,410, 2,224 2,323) 2,167) 1,832) 1,756, 1,429, 1,523 
| 5 430 |....../ 808} 292/| 808 ]....../ 260] 262 214) 166 
8,440|......| 2,464| 2,340) 2,077) 2,100, 1,717) 1,331 
6} 471 | 277 |__| 279 | 339] 2°61 |..| 195 | 164 | 164 
8,763! 2,214)...... 2,226 1,918) 2,090) 1,556, 1.314 1,817 
7 §| 388 | 278 | 268| 268] 252} 214 203 205 | 169 
(| 2,704 2,186 2,146) 1,872) 2,028] 2,015, 1,707] 1,662) 1,640, 1,855 
395 | 307 | 275 | 264 | 260| 267 | 241 | 220| 205 | 209 
8,160, 2,457 2,200 2,112) 2,081] 2,136, 1,925] 1.762, 1,642 1,669 
829 | 395 | 272 | 963 | 975 |......| 214, i174 ist 
2,682] 2,855) 2,175) 2,106) 2,206|......| 1,752) 1,712| 1.896 1,447 
439 | | 261 } 367 | 286 |......| 208 | i90| 201 
8,512) 2,185) 2,085! .....| 2,061/ 1,660) 1,522 1,608 
§| 443| 286 | 293 | 283 | 257 | 271} 214! 300 | 178 
(| 8,544) 2,290) 2,845, 2,82z| 2,268) 2.055 2,166] 1,712) 1,598 1,389 
o §| 456 | 263 | 380 | 250 | 269 | 229 251 177 
8,648 2,106) 2,640) 2,004 2,151 2,005] 1,9 1,419 
4§ 378 | 300) 306| 245 205 
(| 8,024) 2,591) 2,400, 2,450 2,304 1,962 2,069 1,639 
15 §| 427 |.- 270 | 220 
| | 
(lig S| 877 |......| 838 333 | 300 167 
é | 8,016]......| 2,685)... ..1.. 3,708) 2,400 2,140 
§| |.-----| 276 | 260 | 227 174 
Jar 
| 4771 356 353 


STRENGTH OF CAST IRON. 


TABLE XVIL 


AVERAGE Maximum LOAD FOR NoMINAL S81izE BAR IN TERMS OF SECTION OF 
Test Bar 4” 0 x 12” anp 1" 0 x 12”. 


| No. Series. 
8” o x 24” 


** Troquois (coke). 


— 


** Hinkle (charcoal). 


Southern 


ax 


Foundries. 


71 
— 
x 
a oO 
| 282 | 286 | 247| 211 23 | 205 
| 2,256] 2,292) 1,836) 1,872) 1.972) 1,987) 1.687) 1,490) 1,785) 1,64 
E 826 | 237 | 228 | 260 | 242 | 285 | 285 | 208 | 200 | 192 
2,608] 1,893! 1,828] 2,080) 1,932} 1,880) 1,888] 1,665) 1,596) 1,58 
365 | 206 | 285 ]......! 270] 261 | 272 | 162] 159 
2,920| 2,369] 2,281]......] 2,161) 2,088) 2,1'73) 1,713) 1,292) 1,26 
§| 422 | 201 | 262] 259] 271 | 264] 201 | 169| 188 
a (| 3,376] 2,329] 2,092] 2,072] 2,170} 2,108) 1,828} 1,608) 1,384] 1,46 
423 |......| 278 | 277 | 288 |......] 245 | 245 | 205] 157 
8,384|......| 2,225] 2,220] 2.260]......| 1,962] 1,959) 1,689] 1,25 
454 248 |......] 252 | 225 | 269 ]......| 182 | 159] 158 
| 8,632| 1,981|......| 2,016) 1,797) 2,073)......| 1,456) 1,274) 1,26 
(| y$| 821 | 2562 | 248 | 216 | 233 | 285 | 202 | 197 | 192 | 160 
2] 2,569] 2,018} 1,944] 1,726] 1,862) 1,881) 1,614) 1,572) 1,589) 1,27 
g }| 386 | 268 | 262 | 235 | 246 | 247 | 241 | 201 | 194 | 201 
3,087| 2,146] 2,092] 1,878] 1,969] 1,978) 1,925) 1,605] 1,549) 1,61 
g 316 | 270 | 246 | 287 | 259 |......) 208 | 201 | 165 | 172 
2,580| 2,158] 1,969) 1,897] 2,078|......| 1,665) 1,610) 1,319) 1,37 
10 432 | 284 ]......] 241] 223 196 | 179 | 1938 
3.457| 1,981] 1,872)......| 1,928) 1,782]......| 1,568] 1.484) 1,54 
11 424 | 256] 261 | 263 | 190| 189| 165 
3,378| 2,047] 2,071) 2,091) 2,108] 2,033) 2,104) 1,522) 1,511) 1,81 
{12 426 | 243] 299 | 278 | 287 | 251 | 228| 247 | 168 
3,400] 1,944] 2,396] 1,786] 2,205) 1,817) 2,012| 1,824) 1,979) 1,34 
359 | 308 | 295 | 305 | 241 | 285 | 198 
9 49 4 9 44 
| 
2,945|......| 2,066) 1,697] 1,547) 1,881 
18 | 441 |......] 888 208 | 247 227 | 219 
8,525|..... | 2,842} 1,980] 1,816) 1,751 
465 B24 B81 | 898 sss | 370 


Size or Test Bar, 2” x 1” x 36’. 


| 


Modulus 
of 
Elasticity. 


Kind of iron 
No. test bar 
Shearing 
stress per 


Deflection 
in inches, 
Stress per 
in 
outer fibre. 


TESTED Narrow SIDE Down. 


2,800 37,057 | 686 15,000,000 
3,000 40,915 | 750} 14,900,000 
3,020 41,173 | 754 | 14,900,000 
3,028 , 41,300 | 767 | 16,500,000 
3,054 , 43,000 | 786 | 16,000,000 
3,056 41,254 | 764 | 14,900,000 
8,100 42,300 
3,950 51,400 17,304,000 


8,251 : 42,299 15,643,428 


SSSESEES 


TESTED WIDE SIDE 


628 
604 
655 | 
470 | 
750 
720 


.556 | 40,042 


We 


3 
2 | 
m2 
2 
a 
m 


- 
i 
4 
fs 
in 
3 

+. 
> 
3 


| 
| 
| | | 
413 
533 
431 
637 
635 
662 
750 
| 580 
Down. 
| 1,84 37,600 | 345 | 16,000,000 { 418 
« 1,404 38,400 | 352 | 15,200,000 | 422 
1,438 38,842 | 359 | 14,100,000 | 399 
1,480 38,800 | 282] 14,500,000 | 560 
1,541 41,100 | 380 | 14,000,000 | 500 
1,570 42,300 | 392 | 17,900,000 | 370 
1,578 40,800 | 287] 11,700,000 | 592 
1,620 42,800 | 401 | 14,900,000 | 588 
1,497 | | 349 | 14,780,000 | 480 


STRENGTH OF CAST IRON. 


183 .160 148 | .181 116 102 | 0.80 

172 | .150 138 | .125 110 106 | 1.21 

166 .145 180 | .109 069 039 | 1.88 

162 | .148 123 | .099 066 128 | 2.01 

157 | .105 094 | .075 067 057 | 3.19 

| .130 086 | .077 085 033 | 3.04 

E icici 176 149 | .144 | .189 115 072 | 0.98 

160 145 | .126 | .122 098 092 | 1.17 

156 141 | .134 | .128 083 086 | 1.67 

ae eer 154 124 | .092 | .094 075 067 | 2.23 

157 102 | .090 062 053 028 
OR 144 098 | .092 068 043 023 

; Re 148 098 | .088 072 063 | .085 
130 095 | .091 079 072 052 
128 094 096 078 032 
Paced 171 151 | .148 129 100 | .069 
Reged 248 247 | .221 201 157 144 
161 139 | .120 091 067 042 
ee eee 238 158 | .142 144 126 115 


. 
i 
3 
| 
is 
‘ 
4 
a 
2 


TABLE XXI. 


Test Bars, Ox 12’ = .562’// DIAMETER. 


: 


Equiv. Load 
Breadth. in | Deflection] on Test Bar, 


in Inches.| size equal to 
Distance. | Pounds. 500” o x 12” 


No. Test Bar. 


277 230 

. 233 
277 
837 


827 
327 
387 
342 59,300 


342 59,300 
368 63,900 
375 65,000 
378 65,700 


317 55,000 
327 56,700 
337 58,400 
61,000 


CO 


56,700 


58,400 
63,200 
63,600 
64,100 


52,400 
54,200 
59,300 


| 
| 
| 
| 
| 


not used. +The upper half of test bar was full of blow holes. +All bars of this series havea 
_ small white line running the entire length of the bar. © atthe centre. § There were some blow 


eat S0eM * This is record of series 1. The other bars were defective at the centre and the results were 


boles and shot iron in the upper quarter. 


720 = STRENGTH OF CAST IRON. 
omOuter 
542 BBS $9,900 
"556 | .548 53400 f° 
572 | .5638 | .281 | 380 26 
.588 | .564 | .282 | 330 .28 
580 | .567 | .288 | 340 28 
580 | | .201 | 345 285 
9 | .561 | .583 | .291 | 345 35 
20 | «£068 | | | 872 .28 
11 | ‘568 | | | 378 | 
re 12 | .575 | .576 | .288 | 382 29 re 
ae 13 | .589 | .578 | .289 | 320 .27 a. 
14 | .577 | .573 | .286 | 380 27 
a 15 | .558 | .569 | .284 | 3840 30 ee. 
16 |- .673 | .565 | .282 | 855 | .28 
18 | .564 | .551 | .275 | 340 265 337 a 
19 .568 564 .282 | 368 .29 365 
a 20 | .565 | .570 | 285 | 370 285 367 S 
21 577 .578 | 3738 -825 370 
22 | .580 | .567 | .288 | 3805 20 302 
23 | .566 | .565 | 282 | 815 20 312 
24 | | 1568 | .280 | 845 | ‘25 342 
25 | .571 | .565 | | 326 | 322 55,800 
26 | .588 | .576 | .288 | 833 24 330 57,200 
27 | 570 | 1578 | .280 | 388 | 835 58,100 
a 28 | .577 | .580 | .290 | 845 26 342 59,300 
a 29 | .570 | .570 | .285 | 322¢ | .20 319 55,300 
30 | .573 | .556 | .278 | 825 322 55,800 
81 | .574 | .557 | .278 | 328 21 325 56,400 
1 32 | .570 | .569 | .284 | 350 22 347 60,200 
— 38 | .565 | .551 | .275 | 878 22 875 65,000 
84 | 870 | 560 | | 885 25 382 66,200 
35 | .558 | .559 | .279 | 406 125 402 69.800 
a 36 | .570 | .568 | .281 | 482 285 427 74,100 
87 | .565 | .560 | .280 | 395§ | .295 391 67,900 
38 | .560 | .559 | .279 | 425 421 = 
39 | .560 | .546 | .278 | 365 27 362 62,700 
Be 40 | .575 | .561 | .280 | 390 80 387 67,100 
41 | | .560 | | 395 | 391 67,800 
i 42 | .559 | .560 | .280 | 420 82 416 72,200 


Test Bars, O =.562’ DIAMETER. 


Pounds. 


14... 


18.... 


348 
350 
350 
350 


350 
350 
350 


329 
830 
345 


300 
300 
350 
365 


335 
850 
358 


408 
410 
450 


430 
510 


SERENGTH OF CAST IRON. 
x 
Test Max. | Max. | Deflec- | Equiv. Load | gtregs per 
Bar. | Breadth.| Height. | Fibre | | tion in | in 
Distance Inches. | equal. | outer Fibre. 
| 
43 | .568 | .563 | .281 205 845 
om 44 | .568 | .552 | .276 | 21 847 
45 | .568 | .548 | .274 | 847 
46 | .559 | .553 | ‘276 | 22 347 
50 | | .561 | .260 | 215 326 
1 51 | 578 | .565 | .282 215 327 
| 52 | .587 | .572 | .286 21 342 
ral ts ‘ 
58 | .581 | .569 | .264 085 297 
4 . 286 .09 297 
55 | .562 | .568 | .284 ‘11 347 ae a 
56 | .560 | .584 | .292 105 362 
. 
57 | 569 | .562 | .281 | 382 
58 | 576 | | .252 | 25 847 
| 59 | .665 | .550 | .275 | 255 355 | 
| 60 | .576 | .588 | .291 .195 404 ae 
61 | 578 | .568 | .284 21 406. 
| 62 | .568 | .582 | .291 | 28 446 
17 68 | .555 | .448 | .224 | -125 426 
64 | | | .278 | 505 
| 3 


STRENGTH OF CAST IRON. 


TABLE XXIII. 


Test Bar, O x 


No. Test Bar. Deflection. 


At 400 lbs. 


At 300 Ibs. 


-015 


As 


om 
No. Series, | | Set. 
At 300 lbs. | | | At 400 lbs. 
12 39 .20 .039 
52 175 019 ans 
54 -09 aces -0 ones 
64 "085 11 0 0 


TABLE XXIV. 


or Test Bar, 1}/’ x 12”. 


Kind of Iron. 


Fibre. 
Shearing 


No. Test Bar. 
Stress Lbs. 


Max. Fibre 
Distance 
Moment 
of Inertia, 
Deflection 
in Inches. 

uo’ in Outer 


per o ” 
| Resilience. 


** Troquo’ 
(coke). 


Hinkle ”’ 
(charcoal). 


‘Southern 


: BEES 


Malleable... 


Foundries .. |16 
8} 

{ 


* No. 331 had a a blow hole }/’ diameter and 6” long, and weighed 6 ounces nces less than 322, which 
was 8 lbs. 10 oz. 


wd 


STRENGTH OF CAST IRON. 723 
4 
| 
|1374 -069 | 30,000 | 701 12,700,000 | 47 
"083 |1557.4| 1068 |32'500 | 763 | 11,800,000|49 
|1936 | .158 |40,000 | 950 | 11,538,000 
.083 |2000 | .1465/41,736 | 980 | 11,800,000 = 
077 |2100 | .179 45,857 [1071 | 12,800,000].... 
077 |2100 | .149 |45,851 |1071 | 13,400,000 |147 
077 |1800 | .1445/39,301 | 927 | 11,200,000 |130 
|1840 | .1446/37,700 | 901 | ......... |142 
5)| 109] .....] 1.12] 077 |1620 | .082 |35.348.4| 822.7] 14,300,000 | 70.92 
| 110] .....] 1.10 .0719|2076 | .174 |47,658 |1092 | 12,900,000 |180 
O77 |1750 | .143 |88,209 | 902 | 10,410,000 
181] 1.10) |1960.2| .143 |45,000 [1031 | 11,500,000 |140 
(le 158] .....| 1.14 083 |1900 | .136 |39,649 | 981 | 11,800,000 129 
| 077 |1984 | .158 |42,230 | 997 | 11,300,000 |152 
195) ....0| 1.8 O77 |2000 | .146 |43,668 [1021 | 11,990,000 |146 
O77 |2061 | .151 |45,000 |1051 | 14,300,000 
9} 197| .....| 1.12 7 (1700 | .070 |37,117 | 868 | 12,700,000|59 = 
198] .....] 1.14 3 |1862 | .108 |38,856 | 922 | 13,300,000 |100 
220] .....] 1.10 19|2395.8| |55.000 |1288 | 12:900,000 
| 1.10 19/2480 | .139 |56.982 |1305 | 13,600,000 |172 
114 240] 1.12 7 [2380 | .170 [51,965 [1226 | 11,300,000 2020 
| 241| 1.12 7 12570 | |56,113 [1324 | 11,300,000 218 
| 264 1214 83 [2000 | |41,786 | 990 | 11,490,000 |121 
| 268) 1.12 7 |2120 | .139 |46,288 [1062 | 12,900,000 
4} 205) .....| 1.12 7 | .107 /43,848 |1020 | 12,600,000 |...... 
296] 1.12 7 |2175.5| .117 |47,500 |1109 | 13,400,000 |127 
| 226) 114 3 2075 | :1022|33,614 |1016 | 8,510,000 {106 
i 7 12350 | .125 |51,310 [1097 | 12,600,000 |146 
154 | 308] .....| 1.12 7 12225 | .1226/49,200 [1133 | 11,750,000 [141.5 
307| .....| 1.14 83 (2250 | .135 |46.953 [1113 | 10,300,000 |151 
319| 1.121| 1.121 7 (9200 | .119 149,550 
4,110) 1.115 2000 | .087 | 44,450 


TABLE XXV. 


S1zzE Rounp Test Bar, © 12”. 


Max. Loadin | Deflectionin | Stress pero” 
Breadth. | Height. Lbs. Inches. on Suter Fibre. 


Cast Fiat. 


(2,750)* * (62,150) 
2'980 66,550 
8,080 63,200 
3.2 68,700 
3,360 72,300 
3,380 71,100 


3,192 68,370 


Cast ON END. 


123 (1,500)+ (34,825) 
-109 2, 08 53,100 
56,750 
56,075 


55,308 


Series 19. A. Whitney & Sons. 


55,000 
59,000 
57,650 
61,200 
65,000 
70,000 
68,500 
69,400 


abe 


63,219 


Cast ON END. 


108 2,590 ‘ 58,200 
2,620 60,200 
2,630 ‘ 58,800 
2,690 59,800 
2,730 60,100 
3,000 67,400 


2,710 ‘ 60,750 


‘ 
» 


Series 18. Bement, Miles & Co. 


( ) Nos. 92 and 98 thrown out before averaging ; 98 probably had acold shut or flaw. 
* Blow hole at fracture. 

+ Cracked from bottom upward and held. 

t Large hole at fracture. 


a 
Kind of | No, Test 
ron. ar. 
92 | 1.115 | 1.096 
384 1.181 | 1.185 
383 1.1385 | 1.117 
89 1.128 | 1.120 | 
90 1.1389 | 1.183 | 
a 98 1.080 | 1 
eee 96 1.105 1 
ae 97 1.097 | 1 
a 95 1.143 | 1 
347 125 | 1.127 2,570 | .087 
348 105 | 1.100 2,580 .091 
344 116 | 1.106 2,580 .084 
350 115 1.105 2,740 .106 
348 120 | 1.119 2,990 .121 
845 100 | 1.110 3,080 .116 
346 118 | 1.116 3,100 -110 
BS 349 110 | 1.115 | 8,120 116 
851 1.100 | 1 
355 | 1.096 | 1 
y 352 1.100 | 1 
a 356 1.108 | 1 
354 1.116 | 1 
a 353 1.100 | 1 
: 


TABLE XXVI. 


COMPARISON OF AVERAGES. 


| Loads on "0 
1” x19”, | x24" | x19”, 19” Ox *| * 


o 


Cast Flat. On End. 
2,590 2,025 1,465 
2,140 2,046 
2,619 2,540 ere 
2,620 2,410 


2.464 
2,214 


2,186 2,146 
2,457 2,200 
“Hinkle” || 2,355 2,175 
(charcoal. 


Southern. 


Foundries. / 


Malleable. | 


‘ 

OF CAST IRON, = 

= 
Troquois” | 38 | 389 | 369 
8 430 | 880 
2,030 | 895 | 885 
A ke ty 
11 2,290 349 2,475 443 | 410 
12 | 2,106 2,640 | 2,060 =| 456 | 898 
(| 14 | 2501 | 2400 | "2,005 | ..... | 
{| 13 2,345 2,212 =| 894 | 350 
15 2,234 2,237 | 427 | 885 
19 2,585 8,192 2,557 | 377 | 829 
2208 | 2,295 | 878 | 848 
18 2,800 2,845 2,710 | 446 | 423 
17 2,848 2,150 | 471 | 470 


TABLE XXVII. 


Tension Test O Bars (.375). 


No. of No. Test 


| Hquivalent 
Series. | Bar. ad i 


Actual Load 
in Lbs 


2 
8 
4 
5 
6 


Hinkle” 


(charcoal), 


oe 


o 


a 


4 396 7,930 | 20,000 
7 .690 8,250 | 22,060 
| 11 .710 .896 9,780 | 24,800 
| | 12 .690 9,460 | 25,300 
16 .710 .896 8,630 21,800 
15 .700 . 885 8,410 21,900 
20 .700 .885 7,440 19,350 
19 .695 .879 9,740 25,500 
24 .660 8,750 25,500 
| 28 695 9,720 | 25,600 
ag 
| 28 .700 .885 7,000 18,200 
| 32 735 .426 6,920 16,300 
31 .700 .885 7,350 19,100 
48 .710 6,200 15,700 
47 .700 .885 7,570 19,7000 
| (| 56 700 885 2,200° | 5,700 
| 55 .680 .363 5,080 | 14,000 
51 .690 814 |* 8,590 29,950 
52 "710 396 9,550 | 24,100 
59 .690 9,100 24,400 
- 
& 


TENSION Tests O Bars (1.12). 


No. of | No. of : 
Series. |Test Bar Equivalent 


Load in 
Diameter. » Lbs. 


per o in. 


15,700 


Troquois ” 


2 
3 
4 
5 
6 


Hinkle” 


oc & 


_ 


a 


Te 


STRENGTH OF CAST IRON. 2 

| | 

5 | 28,700 | 91,70 
6 25,850 
10 

14 

| 1.19 | 1.11:| 17,000 | 15680 ° 
a3 | | | 16,700 14.800 
| i330 | | 18,000 | 160000 
41 1.21 | 1.15 | 15,700 | 180000 

4 ae = 46 | 1.20 | 1.18 | 19,800 | 17,500 
} ( 53 1.20 | 1.18 21,550 19,1000 

b4 | 1.21 | 1.15 | 20,400 | 28,500 
Southern. 49 | isi | | 23600 | 2500 
58 | 1.20 | 1.138 98.700 | 9900 
57 | 1.20 | 1.18 | 28,900 | 20,400 


TABLE XXIX. 


AVERAGES OF TENSION TESTS O BARS. 


AREA, .875 0 IN. AREA, 1.125 o IN. 


Actual Load Equivalent Load Actual Load Equivalent Load 
in Lbs. in Lbs. per 0 ” in Lbs. in Lbs. per 0 ” 
875 o ’’ Area. Area, 1.12 Area. 1.12 o” Area. 


7,930 18,200 15,700 
7,965 24,775 22,500 
9,620 22,650 20,450 
8,520 - 22,225 19,350 
8,590 : 21,725 19,750 
9,235 17,200 


7,175 
7,135 


6,885 17,700 19,800 


5,080 14,000 20,975 21,300 
8,075 28,525 238,600 20,500 
9,100 24,400 28,325 20,300 


TABLE XXX. TABLE XXXI. 


EXTENSION BETWEEN LoaDs. 


Bar 1.127’ 
Diameter 
Broke at 


No. Test Bar. 
Lbs. per 


cutfrom a block 
6” thick, pulled 
on an Olsen ma- 


Eight bars 1.128, 
chine. 


Analysis. 


10,000 59 65 
11,000 49 


11,600 45 
11,800 29 


14,000 31 
14,500 43 


10,000 39 

9,900 39 
11,000 82 
11,700 43 


, 49. 


Oo FO wre 


.84 ; Cd. C,2.24; G.C, .60; 
; Si, 1.10; 8, .090; Mn 


All bars broke in fillet. 


— 

728 STRENGTH OF CAST IRON, 
| 
4 
| 
| 
7 | 18,950 18,410 17,700 
8 17,700 17,050 15,350 
4 
x 
39 | «55 69 
40 | 81 | 102 24,600 
41 | 52 | 72 25,000 

81 | 45 | 68 95,400 
Se 41 | 50 | 70 95,400 | clas 


STRENGTH OF 


Ar 


ley 


TABLE XXXII. 


REMARES. 


Test Bar| All bars 71 to 86 were poured 
1.065/’ from one ladle. 

Diameter | All bars except 83, 86 and 103 

Broke at had a large number of small 

blow holes in turned surface 

of test bar. 


| How Cast. 


Small spongy spot. 
Small spongy spot. 


Flat 


™~ 


-| Bad spongy spot. 

Bad blow hole. 

Blow hole half through. © 
Small blow hole. 

Smal] shot in fracture. 
Solid. 

Slight spongy spot. 

Solid (no holes in surface), 
Slight spongy spot. 

Solid 


Cast on End. 


Solid (no holes in surface). 


Large bl. h. in fracture. 
Solid (no bl. bs. in surface). 


End 


Compression, Solid, 


Compression. Solid. 


End Flat | 


| | Extensions BerwEEN LoapDs. 
$ 
a 78 | 25,000 | 22 25 | 28 87 | 51 | 44 | 50 
72 | 25,500 | 28 26 | 43) 24 | 40 45, 53 
3 #! g0 | 14,600 | 31 | 25 | 36 | 89 | 43 | 52 |... ae 
|| 82 | 16,300 | 29 | 32 | 32 | 34 | 44 | 54 |... 
a 79 | 17,400 | 24 | 26 | 32-| 38 | 56 | 44 | 57 a 
a 77 | 20,200 | 28 | 28 | 30 | 36 | 42 | 53 | 75 Bs | 
85 | 21,300 | 24 | 28 | 17 | 25 |....|....|... 
: 76 | 22400 | 30 | 21 | 88 | 35 | 43 | 45 | 58 . ace 
75 | 22,500 | 29 | 26 | 24 | 48 | 42 | 44 | 55 
q 86 | 22100 | 23 | 28 | 29 | 36 | 45 | 42 |... 
5 78 | 28,400 | 24 | 27 | 29 | 36 | 44 | 47 | 51 a 
4 || 84 | 28,500 | 28 | 24 | 31 | 86 | 46 | 40 | 49 a 
q L| 88 | 24:000 | 29 | 22 | 40 | 39 | 42 | 48 | 50 
| 26.200 | 29 25 | 11 | 22 | 26 | 82 26 
f 103 | 30,000 | 21 | 20 | 22 | 28 | 29 | 25 | 31 — 
4 
24 | 20| 29/81 | 20/27 | 
a ta 
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TOPICAL DISCUSSIONS AND NOTES OF EXPE- 
RIENCE. 


| 
No. 696—129. 
Clamp-fits. 


William Sangster.—It was desired to use clamping 
device to secure the follower of a small hydraulic press, andin __ 
looking up the authorities the coefficient of friction for dry cast- 
iron surfaces was given as 15 per cent. This called for such a 
heavy arrangement that the figure was questioned, and it was 
— worth while to test it. 


34\Capscrew 


Fia. 


A aplit boss was found, shown in Fig. 148, into which a willie 
plug was fitted, the hole being reamed and the plug finished in 
the lathe by float file and emery cloth toasnug sliding fit. The 
plug was more or less greasy from handling, and for that reason - 
under ordinary shop conditions. A 30-ton hydraulic jack fur- 
nished the pressure, which was measured by an ordinary plat- 
form scale. The lengths of lever arms were 31 inches on the 
scale side and 8 inches on that of the jack. Three trials were 


* Presented at the St. Louis meeting (May, 1896) of the American Society of 
Mechanical Engineers, and forming part of Volume XVII. of the 7ransactions. 


23 

™ 
eal 
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TOPICAL DISCUSSIONS AND NOTES OF EXPERIENCE. 781 


made, and after deducting the weight of levers, etc., the average 
pressure upon the scales was 1,300 pounds. This, multiplied by 
the ratios of arms, will give : 
1,300 = 5,038 pounds, 


as the pressure smn upon the plug before it slipped. The - 
pull on the 12-inch wrench used in tightening the {-inch clamp- 
ing screw could not have exceeded 100 pounds. Assuming the 
_ friction of screw as 50 per cent., which is probably taken low, 
we have, as the pressure exerted by the screw, 


100 x 12 x 2x wm x 11 x 550 = 4,147 pounds. 


In the figure it will be seen that the distance from centre of 
- gerew to centre of fit is 23 inches, and from centre of fit to 
bottom of cut 23 inches. Calling the bottom of the cut the 
oe we e have 


x 4,147 = 9,167 pounds. 


This would give as the, coefficient of friction, 


§ 088 
fie 9,167 = 55 per cent. 


The — of einuais and results given are crude, but yet 
they were sufficiently accurate to use in designing the press. 
The follower of this press slides upon and is clamped to two 
‘rods by the device shown in Fig. 148, and has successfully with- 
stood a pressure of forty tons without slipping. It might be 
well to say here that when the press is working up to its full 
capacity a four-foot wrench is used upon the bolts. 

The writer’s excuse for presenting such approximate data lies 
in the fact that he could find nothing upon the subject, and 
hoped, by presenting these results, crude though they be, to 
get opinions and bits of experience from others which would 
prove of value. He therefore presents this query : 

Has any member of the Society had experience as to the 


~ 
ong 
23 + 
an 
~ 
: 
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Power to drive disk fans. 


William Sangster.—In “Centrifugal Ventilating Machin- 
ie ery,” by Daniel Murgue, and translated by A. L. Steavenson, we _ 
have the efficiency of this class of fans given at from 20 to30 | 
per cent. From,some data on disk wheels, which also agree 
- with these values, the writer has worked upaformulawhich will _ 
probably be accurate enough for most purposes. Be 
Attention is called to the low efficiency of these fans when __ 
exhausting from, or blowing into, closed spaces with no opening _ 
for the passage of air other than the wheel itself. This is due | 
to the pressure of air varying as the square of the velocity, and — 
therefore as the square of the distance of the blades from the | 
centre of rotation. A disk fan blowing into a closed space with — 
no other opening will cause a much greater pressure at the | 
outer portion of the wheel, which is neutralized to a certain ex- | 
tent by the counter current of air near the centre, where the 
pressure is less. The horse-power required to drive a disk fan, 
instead of varying directly as the size of openings into a room, 
will vary as the resultant of the areas of the opening, and part of | 
the area of the wheel itself. That is, the curve of horse- “powers, 
instead of lowering rapidly with the decreased area of opening, _ 


Areas of Openings 
150. 


as at ab (Fig. 150), would tend to remain more nearly a constant, bi ao 
as at ac. 
Since, as shown sein the central portion of a disk fan is of | ap ee. 
little use, we will assume that this central portion, up toone- 
third of the outside diameter of a fan, does not discharge any __ 
air. This theory is confirmed by Murgue, who states that the __ 
efficiency of the fan is increased by enlarging the relative diam- _ 
eter of the central plate, and it also receives practical consid- 
eration by the makers who put a central disk into their fans. 


H. P. 
| 
7 
| 
{ 
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TOPICAL DISCUSSIONS AND NOTES OF EXPERIENCE. Fc 
_ The work in moving air may be represented as 7 


Pva, 


in which P is the pressure and v the velocity of the air, and a is 
the area of discharge. 

Since the air is moved in the direction of the axis of rotation 
by means of blades having an angular position relative to the ~ 
direction of rotation, we theoretically should have the velocity 

of the air, relative to the velocity of the blades, varying as the 
tangent of the angle which the latter make with the direction of 
rotation. In practice 80 per cent. of this amount is much > 
nearer the actual velocity. The angles of the blades are gen- 
erally between 30 degrees and 45 degrees, making the tangents . 
between 0.577 and 1. For convenience we may take the average © 
as 0.75. Then the average velocity, in terms of the diameter of 
the wheel, and number of revolutions with a central plate equal 
to one-third of the outer diameter, is _ sal ; 


», (DY\t 
= D+ (3) x mx 0.75 x 0.80 x N=1405 DN .. . (1) 


where D = diameter of the wheel in feet, 


N= number of revolutions per minute. — 


Calling the velocity of air, at a pressure of one pound per 
square foot above the atmosphere at 70 degrees Fahr., 1,758 feet 


per minute, we have, as the pressure due to any velocity »v, 
\1,758 


Substituting the value of v as found in equation 1, we have 


The area of discharge a, in terms of the diameter of the wheel 
in feet, allowing 0.65 as the coefficient of vena contracta, would be 


= 0.657 (3) ) = 0.45887" 


4 
j 
- 
wi 
R 
A 
ag 
% 
‘ 
4 
f 
4 
4 >| 
3 
= 
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| 2 Combining these different equations, and allowing an efficiency 


7 of 20 per cent., we ag as the horse-power required by a disk 


HP = .000000000062 D>N®  . 4) 


we have 


This rule will usually be accurate —_ for temperatures 
between 50 degrees Fahr. and 90 degrees Fahr. For a correc- 


_ tion due to a change of temperature we may multiply equation 
ek (4) by ced in which 7 is the absolute temperature of the air 
handled. 

‘The theoretical deductions in the above are believed to be 

- eorrect. The constants of the angle of the fan blades, actual ve- 
locity, vena contracta, and efficiency are taken within the limits 
of present practice, but for any particular case they may be va- 
vied according to the judgment of the engineer. The writer 
therefore propounds the following query : 

“Has any member data to give concerning the horse-pow er 

necessary to drive disk fans for exhausting or ventilating ?” 

. Mr. William Kent.—There was a paper presented to the 
_ Society some years ago by Henry I. Snell, giving data on this 
subject, and there is also discussion by Past President Babcock 

on the same subject. There is quite a good deal of information 
and discussion of this subject in the Transactions. 

Prof. J. H. Kinealy.—A year or two ago some very elaborate 
experiments on disk fans were made in Germany by Prof. Georg 
Wellner, of Brunn, Austria, to determine the efficiency of air 
propellers. The results were published in the Z7vansactions of 
the Austrian Society of Engineers and Architects. An abstract 
of the paper was published in the American Engineer and Rail- 
road Journal, May, 1895. It appears that the power depends on 
the shape of the blade, as well as the angle of inclination, and 

the distance of the centre of area of the blade from the centre of 
the fan ; and, if I remember rightly, there was very little differ- 
ence in the power required to drive the fan or in the pressure 


j 
| 
| 
* 
§ 
1 


exerted by the fan, whether you had two blades or three or four 
or six. The experiments were very carefully made. 


Effect of fire on machinery. 


2 Mr. W. F. M. Goss.—Not long ago I had occasion to examine 
_aconsiderable amount of machinery which had passed through 
_ fire, some of which was quite heavy. 

The building containing the machinery was of brick, with a 
heavy mill floor, and a ceiled wooden roof with monitor. The 
heat developed was probably of average intensity for such a 
building, the fire burning until all of the woodwork had been 
consumed. But little water was used, and the machinery did 

not suffer from this cause. Damage to the machinery appeared 
to have arisen from three causes; namely, the falling of the 
machinery, the falling of the roof timbers and walls upon the 
machinery, and the action of the heat itself. 

Machines which were on good foundation did not suffer from 
the first-named cause ; but when there was no foundation, even 
heavy tools were either broken by the fall or distorted by the 

combined action of the heat and of strains resulting from imper- 
fect support after the fall. The results justify the conclusion 
that in case of fire an indestructible foundation is an excellent 
life-preserver for a machine. 

Falling débris carried away all lighter attachments such as 
lubricators, gauges, small piping, light shafts, rods, levers, hand- 
wheels, projecting brackets—everything, in fact, which offered an 
abutting surface to the falling masses and which was not strong 
enough to withstand their impact. There were a few cases 
where heavier parts also suffered from this cause. Of two six- 
inch shafts extending seven feet between bearings, one carry- 
ing an eight-foot fly-wheel was perfectly straight; the other, 
having no wheel, was sprung, evidently as the result of a blow. 

To heat alone is, of course, to be attributed the destruction 
of woodwork about the machines, and the loss of babbitt from 
brasses and boxes. From this cause, also, bolts which served 
to connect different parts of heavy frames were often found 
loose. Steam-joints of every kind required refitting. Brass 
bushings which originally had been forced into turned holes to 
form bearings for shafts or pins were all loose in the castings 
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and tight on the shaft. Castings having very large flat surfaces, 
either plain or ribbed, were in several cases found to contain 
fire cracks, but with a few exceptions heavy castings of good 
a design were not injured by heat alone. : 


What experience have other members had as to the injury done 
to machinery when the building has burned in which it stood ? 
Mr. H. H. Suplee.—I have had no very extensive experience 


a in this line, but I remember one case in which a large wrought- 
iron jib crane was returned to the factory to be rebuilt after 
_ having been through afire. The owners thought that it would not 


cost as much as a new one, because it looked pretty fair. It was 


ey discolored and looked as if it had been through a good deal of 


heat, but yet it was intact, and it did not look very much the 
worse for the circumstance. But at the time it was ready to be 


_ sent back again it was found it had cost just about as much as a 


“i - new crane would. The wrought-iron work was all warped, and 
had to be taken apart and straightened and put together again in 
order that the fitted parts could have neat action. The actual 


labor in making it a good working machine again played such a 
large figure in the work that the material was scarcely worth 


_ considering. This was mostly wrought-iron work with some 


cast-iron connections and cast-iron gearing. I believe only one 
gear wheel was broken by receiving a blow. But it did not pay. 
Mr. Warner.—I presume this question comes up often, and I 


hope most often, to members of this Society who are called upon 


to adjust losses of others rather than those in their own indi- 
vidual experience. I have several times been called upon to 


a adjust such losses, and in a few instances have undertaken to 
put in good condition machines which have been through a fire. 


My observations have taught me that if a machine has been 
through a fire which has been severe enough to melt the babbitt, 
I should call it of no value, and do my best to secure for the 


owner the full value of the machine rather than call it a partial 


loss. It is a nuisance to undertake to put in good order a 


ee ee machine which has passed through a fire, for after it has been 


repaired, even though it may look as good as new, it never can 


be true, it never can be of the value which it possessed before 
the fire, and I believe it is our duty in such calls as are liable 


___ to be made upon us, to be very careful in placing the value and 


not get it too high, for whoever buys a machine which has been 


v : _ through a fire will be very liable to be deceived.§ 2 
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condenser very close to the is within it—has 


been proven to be a very bad type of condensing engine ; on the 
other hand, a modern, first-class, high-speed engine which had an 
exhaust pipe to the condenser 50 per cent. longer than the .en- 


bed, showed, on test, next to no vacuum in the cylinder when 


it was good enough in the condenser ; this proved to be a very 
bad type of condensing engine also, although the engine itself, 
_ as a non-condensing one, was quite perfect. 

These two cases present the extremes of practice. 

Two important conditions present themselves forcibly in this 
- inquiry. The condenser must be far enough away from the 

_ steam cylinder to avoid cooling the latter, and it must be near 
enough to permit the free flow of steam away from the piensa 

For slow-speed engines, it is a good plan to have a eee 

_ pipe between cylinder and condenser because in this case there 
is time for the escape of steam while the cooling effect is least, but 
for high-speed engines the difficulty is to get the steam away 

into vacuum fast enough ; the exhaust ways become crowded 
with and heated by steam. 

What is the opinion of the members as to the relative advan- 
tages of long or short pipe connections between cylinder and 
condenser of a steam engine ? 

Mr. George I. Rockwood.—I doubt if mere length of exhaust 
pipe can produce a measurable difference between the degree of 
vacuum obtained in the condenser and that realized in the 
exhaust pipe where it attaches to the cylinder. It appears as if 
the case mentioned by Mr. Cooper must be explained differently, 
as I have had condensers located in another part of the building 
from the engine room, which give almost exactly the same indi- 
cation on the vacuum gauge at the condenser and on the indicator 
diagram. In other words, while a large volume contained in the 
exhaust pipe and condenser may reduce the vacuum if ‘the air 
pump is not large enough to cope with it, yet, if the exhaust 
pipe is large enough in diameter, I should think it impossible to 
maintain a greater vacuum in one part of the pipe than is in any 
other part of it. 


How to locate a steam-engine condenser, 
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MEMORIAL NOTICES OF MEMBERS DECEASED E 


JAMES G. DAGRON. 


Mr. Dagron graduated in 1881 as Mechanical Engineer from 


the Ecole Centrale des Arts et Manufactures of Paris. He served 


his school as tutor and preparator of the chemical lectures and 
in charge of the first-year laboratory for one year. Returning to 
America in 1883-84 he entered the engineering office ‘of G. 
Bouscaren, at that time acting as Consulting Engineer of the 
Cincinnati Southern Railway. He was selected by Mr. Bous- 
caren to represent him as inspector of the bridges in process of 


erection at Pittsburg, in which relation he had the title of Asst. 
_ Engineer C. N. O. & T. P. R. RB. He resigned in 1885 to become 
zat Inspector of Bridges for the Baltimore & Ohio R. R., and later 
rose to be Bridge Engineer. For a short interval he was Super- 
- intendent at Pencoyd, Pa. After leaving railway service he 
remained in Baltimore as Assistant City Engineer. He served 
_ the A. S. C. E. as secretary of its committee to report upon uni- 


form systems of physical tests of materials. He was but thirty- 


four years old at the time of his death, May 25, 1895, and had 
Ag become a member at the spring meeting of 1885. 


Mr. Mackinney was born September 27, 1848, in Brooklyn, N. Y. 


_ After leaving the public school, he entered the machine shop of 


: a the firm of Neafie & Levy, of Philadelphia; and after passing 


through into the drawing room, his ability in the line of marine 


oi _ engineering attracted the interest of Mr. J. S. Wilson, the super- 


intendent of the works. He remained with them, advancing 
rapidly, until 1875, when he became head draughtsman and later 


superintendent for Baird & Houston, a new firm in the line of 


_ ghipbuilding on the Delaware River. The depression in ship- 


building following those years compelled him to abandon the line 
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of his choice, so that he became, first, a draughtsman for the I. 
P. Morris Co., and later for the H. W. Butterworth & Sons Co., 
with whom he remained until the time of his death. Their 
specialty of textile machinery was a new one to him, but he 
quickly mastered its minute details, and many of the ingenious | a 
devices upon the machines of this company are his invention. a 
His friends speak of him as a man of much perseverance and 
energy, practical and thorough, and that as leader and associate ee 
he commanded both respect and love. He joined the Society in ee: 
1883, and passed away June 3, 1895, after a lingering illness 
caused by Bright’s disease. 


Mr. Davidson was of English birth, and began his practical 
training as apprentice and draughtsman with Greenwood & Batley 
of Leeds, England, in 1882. After serving for three years he 
came to America, and served with various fitms as draughtsman 

from 1885 to 1887. From 1889 to 1891, at which time he joined 

the Society, he had been draughtsman and éngineer for the Con- 

_ solidated Refrigerating Company of New York, during which 

time he had been the designer and superintendent of the con- a 

struction of large refrigerating and ice-making plants in several . an 

of the principal cities. Until 1893 he was manager of the Wash- iS. rs 

ington Cold Storage Company of New York City. He died July 
1895. 


EZRA J. WHITAKER. 


Mr. Whitaker was born April 12, 1839, at North Adams, Mass, 
It was intended that he should become a lawyer after leaving 
college, and was fitted by preparatory training at Williston 
Academy for his college course. He passed the necessary exam- 
inations for entry into the navy in 1860, and his first sea expe- 
rience was in the Minnesota. He was a participant in the historic 
struggle between the Merrimac and Monitor, and was also in 
engagements with his ship at Hatteras Inlet, Fort Fisher, Mobile, 
James River, etc. After the close of the war he had various 
assignments in the North and South Atlantic, South Pacific, and 
Asiatic stations. His last sea service was on the cruiser Phila- 
delphia, where the exactions and burdens of his position com- 
pelled him to be relieved, May 8, 1895, from disability arising in 
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he line of duty. He returned to his home at Sacketts Harbor, 
he N. Y., but never recovered, and passed away August 20, 1895, from 
ci elites lesion of the heart. He was buried at his old home in 
North Adams. 
Mr. Whitaker was zealous in the discharge of his professional 
vy work. Though reserved by nature, he was an amiable companion 
ae and of unquestioned personal integrity. 


Mr. Winter was born in Prussia, 1829, but came as a mere child to 
New York City. On leaving school he entered the Morgan Iron 
Works of that city, which had been established in 1836 by Mr. 
_ Charles Morgan, the owner at that time of a considerable sailing 
fleet, who operated the first steamship between New York and 
Charleston, and who subsequently founded the Morgan Line of 
Steamships. Mr. Winter was one of his trusted advisers, and 
oe Was strongly influential in urging the change from side wheel to 
“3 propeller for the coast trade in the Gulf of Mexico. When but 
7 twenty-two years of age, Mr. Winter was sent by his employer to 
= the River Danube to install some engines built for that service, 
7 ese and he remained as superintendent of the Danube Navigation 
Company for several years. Returning to America a few years 

a = before the war of 1861, he was busily engaged in his specialty of 
marine architecture, and felt the immense stimulus which came 
a - to such concerns upon the demand for cruisers and transports 
a during the years of that war. He was instrumental in directing 
the equipment of several shipbuilding yards created in response 
es to the emergency of the times. Besides the American designs by 
aie - Mr. Winter for the Norfolk and Richmond Line, now the Old 
-- Dominion, and the freight vessels for the Metropolitan Steamship 
ne Company, operating the outside route to Boston, one of the early 
Italian iron-clads was from his design, and the first twin-screw 

vessel launched in the United States was his Aransas, planned for 
- shoal-water work in the Gulf of Mexico. The steamboats of 
Boston and Gloucester Line and many other smaller craft were 
‘Mr. Winter’s work, and he served several important companies 
as chief or consulting engineer. He was one of the board 
_—_— appointed in 1885 to report upon the Dolphin and other United 
¥ States Navy contracts. He was also inspector for Lloyds in New 
York City. He took out several patents, such as a rotary cut-off 
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for beam engines, and a form of wharf drop for steamship gang 
planks, but had also presented to the public a great many of his 
designs in very general use without patent protection. He had 
been compelled by ill health to withdraw from active competitive 
business, and passed away September 4, 1895. He became a 
member of the Society in 1886. 


WILLIAM A. PIKE. 


Mr. William Abbot Pike was born July 3, 1851, in Dorchester, 
Mass. He graduated in 1871 from the Massachusetts Institute of 
Technology, and on graduation went into the engineering office of 
J. B. Henck for a short time, but was called that autumn to become 
Professor of Civil Engineering in the Maine State College. He 
was instrumental in starting shop trainmg as a feature of his work 
in building up his department. In 1880 he was called to a larger 
field to become Dean of the College of Mechanic Arts of the 
University of Minnesota, with the title of Professor of Engineer- 
ing. He served here for twelve years, and resigned in 1892 to 
enter consulting practice, although serving as lecturer in the 
University for one year. At the time of his death he was con- 
sulting engineer for important commissions in his city. He died 
October 13, 1895, from pneumonia. Among his best known pro- 
fessional engagements were the design of the coal docks for the 
Northern Pacific R. R. at Superior, Wis., and the water-works 
system at St. Cloud, Minn. He became connected with the 
Society at its meeting in 1890. 


Philip Randall Voorhees was born in Annapolis, Md., in 1835, 
and came from patriotic Revolutionary stock on both sides of his 
family. His father was Commodore Philip F. Voorhees, a native 
of New Jersey, who entered the navy in 1809, and died in 1862. 
He was a distinguished officer, and received a medal from Con- 
gress for gallant service in the war of 1812, under Decatur and 
Warrington, in the capture of the frigate Macedonian and sloop- 
of-war Hpervier. Commodore Voorhees commanded some of the 
finest ships in the American navy, his last command being the 
East India squadron. His mother was Anne Randall, daughter 
of John and Deborah Randall, of Annapolis. His grandfather 
Randall was born in Virginia, served in the Revolution, and was 
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afterward made Collector of the Port of Annapolis—at that time — 
of greater importance than the Port of Baltimore. His daughter 
Anne—afterward Mrs. Voorhees—was a woman of remarkable 
grace and beauty, and their home was most attractive and hos- 
pitable. Commodore Voorhees had two children, the son Philip, 
and a daughter, afterward Mrs. Hollins McKim, of Baltimore. __ 
Mr. Voorhees was graduated from St. John’s College, at Annapo- — 
lis, in 1855, receiving the degree of A.B. and subsequently the 
degree of Master of Arts. Among the names of many distin. __ 
guished alumni, St. John’s numbers that of Francis Scott Key, } 
the author of the “Star Spangled Banner.” 

Mr. Voorhees first studied law, but his inherited love for the 
sea and his mechanical taste led him, after devoting some time to 
law, to take up a practical course in mechanical engineering at 
the Vulcan Iron Works, in Baltimore, and in February, 1861, ’ 
entered the navy as an engineer officer. During the late war of 
1861-65, he was present at the battles of Hatteras Inlet, Port 
Royal, and in the two bombardments of Fort Fisher, He was 
also in the engagement at Cape Fear River, preceding the fall of 
Wilmington, and in one of the ships of the James River fleet at 
the fall of Richmond. While in the South Atlantic squadron at 
Port Royal, he acted as chief engineer of the Wabash, andy 
received special mention and high praise for the skill and effi- 
ciency displayed in keeping the vessel in active service (when — 7 
greatly needed) long after she had been condemned by the Boar d- 7 
of Survey as unfit for further service. After a cruise in the South — 
Pacific seas, he was detailed for duty as Instructor in the toa 
Academy, from which station he resigned to resume his law 
studies. He was intrusted with a prominent position in the 
Centennial Exposition at Philadelphia, which he filled with great 
credit and entire satisfaction to the directors. After some service 
in the Examining Department of the United States Patent Office, aa 
he began the practice of law, devoting his attention particularly 
to the patent branch of the profession, settling in New York for 
the purpose. | 

Mr. Voorhees joined the American Society of Mechanical _ 
Engineers in 1889, and was also a member of the Engineers’ _ 
Club, of the University and Lawyers’ Clubs, New York Geograph- 
ical Society, the New York Genealogical and Biographical — 
Society, the American Society of Nava] Engineers, and the Soci- 
ety of Naval Architects and Marine Engineers. 
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In character, Mr. Voorhees was a high-toned Christian gentle- 
man, genial and affable; a man of fine education and mind, 
singularly modest and sincere, most loyal to his friends, and with 
a warm, generous nature which greatly endeared him to all who 
knew him. He died at Lakewood, New Jersey, December 12, 


Mr. Hildreth was born in New York City. He graduated from 
the School of Engineering of Columbia University in 1885, and 
served for five years as assistant to Mr. George 8. Morison, repre- 
senting him in work upon the Omaha, Nebraska City, Sioux City, 
Willamette at Portland, the Cairo and other bridges, and in much 
subordinate achievement. The firm of R. W. Hildreth & Co. 
was formed in 1890 for the inspection of structural material, and 
much of interesting and important work was committed to the 
firm in this capacity, and as consulting engineer a considerable 
number of bridges in different parts of the country were designed 
and some structural work in the way of office buildings. Mr. 
Hildreth was just entering with some success the field of expert 
contracting as an additional department, when his career was cut 
short by his untimely death from pneumonia, December 23, 1895. 


DAVID KINNEAR CLARK. 


- With the death, January 22, 1896, of Mr. D. K. Clark, at the 
age of seventy-four years, there has been removed another of the 
noted names which have made eminent the profession of mechan- 
ical engineering in the preceding generation, and whose work has 
been of very great repute and standing, particularly in the field of 
compilation. 

Mr. Clark served his apprenticeship at the Phcenix Iron Works 
of Glasgow, and afterward became the mechanical engineering 
draughtsman in the civil engineering office of Mr. John Miller at 
Edinburgh. He devoted here his literary energies to the Practical 
Mechanic and Engineer’s Magazine, acting as its assistant editor for 
two years. He was then engineer in chief of the Deep Sea Fisher- 
ies Association in London, but returned in 1853 to Scotland to 
become the locomotive superintendent of the Great North of 


Scotland Railroad, with headquarters at Inverness. During the — ad 
six years from 1849-55 Mr. Clark had been at work by investiga- _ 


tion and study upon his first great work, entitled Madway 
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Machinery: A Treatise on the Mechanical Engineering of Rait- 
ways, Embracing the Principles and Construction of Rolling and 
Fixed Plant. It was dedicated to Robert Stevenson and was 
published in Glasgow in 1855. It was at once recognized asa 
classic and is still a standard, in spite, of course, of the many 
developments which each succeeding year has brought to the 
subject of which it treats. When Zera Colburn came to London 
from the United States the two men began immediate collabora- 
tion, and in 1860 the supplementary volume, entitled Recent _ 
Practice in Locomotive Engines, was issued. Mr.Clark becamea 4 
recognized authority in railway and mechanical matters, and was 
about this time employed in valuing the rolling stock of the 
Irish railways and in similar work in Egypt. He also made a 
preliminary survey for ship railway at the first cataract of the 
Nile. He was entrusted with the machinery department of the 
great exhibition of 1862,:and about 1864 he issued his first edition 

of that which in its later forms has become so well known to | 
American engineers, his Manual of Lules, Tables and Data for 
Mechanical Engineers. 

His relation to steam engineering early made him an authority . 
on combustion and smoke prevention, and but shortly after the a 
experiments of Dr. C. E. Emery in America, he produced his first a 
observations and conclusions upon condensation in the engine __ 
cylinder. A smoke prevention device of his dates from 1857; he | 
applied his system to the locomotives of several companies; he © 
wrote a book, Fuel : [ts Combustion and Economy (1879),and served 
as testing engineer for one of the smoke abatement committees. 
In this relation a most elaborate series of tests of fuels was made _ 
under his direction and are embodied in one of the British Blue , ; 
Books of 1882. His two best known recent works were his — 
Tramways: Their Construction and Working (1894) and his Steam — 
Engine (1893). In this latter has been brought together an im- 
mense quantity of information for the steam-engine engineer con-— 
cerning combustion, chimneys, boiler design, the working of steam 
and the mechanism of typical engines. ae 

Mr. Clark had the distinction of being one of the first engineers a 
elected to honorary membership in the American Society of © 
Mechanical Engineers, an honor conferred upon him by action of — 
the Society in November, 1882. He never contributed to its 
Transactions, but was a generous and valued author in the British © 
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i - Mr. Nat W. Pratt was born in Baltimore, Md, January 31, 
1852. His father, William Pratt, and his mother, Anne Elizabeth 
Eddy, were both descended from the Pilgrim stock which settled 
in Plymouth County, Mass., in 1630, and both survive their son. 
In 1860 they removed to Providence, R. I., where they remained 
until they removed to New York in 1864. When they left New 
York in 1871 for Middleboro, Mass., their present home, the son 
remained behind and became a member of the household of Mr. 
Stephen Wilcox, with whom he lived in Brooklyn until 1880, when 
he married Miss Carrie Virginia Deudney, of Kingston, N. Y., 
and established his own home. He continued to reside in Brook- 
lyn until his death. 

His early education was obtained from private schools in Balti- 
more, public schools in Providence and a private school of tech- 
nology. Much of his training in mechanics and drawing he 
received from his father, from whom also he inherited a strong 
inventive faculty, which found full scope in his chosen career. 
During the civil war his father was superintendent of the Burn- 
side Armory works at Providence, which were then engaged in 
making breech-loading guns for the government. Young Nat was 
about the works a good deal, and even at twelve years of age — 
made creditable models for firearms. 

During the past twenty-five years Mr. Pratt was engaged in the 
business of manufacturing steam boilers. From 1871 to 1881 he 


was connected with the firm ot 3abcock & Wilcox, composed of : 
George H. Babcock and Stepnen Wilcox, both of whom came | 


from Westerly, R. L When the firm was changed into a corpora- 
tion in 1881, Mr. Pratt became its treasurer and manager, retain- 


ing the position until, at the death of Mr. Babcock, in 1893, he was a at 
elected president of the company. His best monument is the _ 
merited success and fame of the business enterprise to which he = 


gave his time, his talents and his ceaseless energy. He combined 


engineering skill and inventive genius with extraordinary business 


capacity. In the particular department of steam, it is doubtful 


whether any man living had a better practical knowledge than 


Mr. Pratt, and his theoreticai knowledge of the subject enabled 


him to devise many improvements on mechanical appliances. In 
1884 he became consulting engineer to the Dynamite Gun Com- : a 
pany. Under his designs and patents the first successful dyna- __ 
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mite gun was built. It was with this gun, eight inch calibre and 
sixty feet long, that the experiments in throwing aerial torpedoes 
were conducted at Fort Lafayette, New York. 

It is not often that the faculty for invention is united with an 
aptitude for business, but Mr. Pratt was known throughout the 
business world for sagacity and sound judgment. As the business 
of the Babcock & Wilcox Company grew in magnitude, he was 
equal to the increased demand. He had the rare good fortune 
to possess a quick and comprehensive mind, with a fondness for 
details, and the industry and energy to work things out to their 
end. He not only knew the advantages of system, but he loved 
to practise it. It may be truly said that he had a place for every- 
thing and everything in its place, and, what is more, he never for- 
got the place. 
ao In business dealings Mr. Pratt was prompt, aggressive and per- _ 
sistent. He scorned meanness. Even his business opponents — 
admired his sagacity and energy, and recognized his fairness. 

Mr. Pratt was not given to clubs or general society. He was 
elected a member of the American Society of Mechanical En- 
gineers early in its history, and belonged also to the American 
Institute of Mining Engineers, the American Naval Institute, and 
the Engineers’ Club of New York City. When he could be pre- 
vailed on to visit friends he was always a welcome guest. He was 
the best of entertainers. He was preéminentiy attached to his 
own home and family, and was always devising ways of making 
his home more beautiful. He dearly loved children, and his affec- 
tion for them was always reciprocated. He was passionately fond 
of rare flowers, and cultivated many in his fine conservatory, where 
he spent many happy hours. 

Mr. Pratt died in Brooklyn, N. Y., March 10, 1896, at the age 


ce <o 4 Mr. Cawley was born near Woodstown, N. J., October 3, 1868. 
Asa mere lad on the farm he showed a great fondness for machin- 
ery and was entrusted at ten years of age with the care of an 
agricultural engine. He graduated from Swarthmore College in 
1888, and was instructor of manual training for two years, after 

oe time he received his professional degree. From 1890 to 

; 1892 he was mechanical engineer of the St. Bernard Coal Com- 

_ pany at Earlington, and then was selected for a position in the 
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Ingersoll Rock Drill Company at their branch office in Montreal, 
Canada. Failing health compelled him to forgego certain assign- 
ments as draughtsman, and culminated in an enforced withdrawal 
from professional work in 1894, although he fought bravely for a 
year against the inroads of disease. He finally returned to his 
home in the United States in October, 1895, and passed away 
April 6, 1896. He became a member of the Society in 1892. 


Mr. Smith was born in June, 1867, and graduated from the 
University of Pennsylvania in 1887. His studies at the University 
were particularly directed to steam engineering and marine archi- 
tecture, and to perfect himself in his chosen specialty he entered 
the shop and yard of James and George Thompson, of Clydebank, 
Scotland, 1888-90. He served also as cadet engineer on the 
steamships Jndiana. Ohio, Spartan, City of New York. His first 
engagement in 1890 as draughtsman with The Pusey and Jones 
Company was with the understanding that he was to follow his 
chosen line, but circumstances directed him into the paper ma- 
chine department, in which he became thoroughly competent. He ° 
was commissioned as representative of the firm to Scandinavia 
recently with marked success. His vigor of body, however, was 
not equal to the brilliancy of his mental attainments, so that by 
-. the advice of physicians he went to the South; but the experiment 
a was not a success, and he died in Texas, April 24, 1896. He 
5 joined the Society in 1892. 
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APPENDIX TO VOLUME XVIL 
PROCEEDINGS OF THE FIFTH INTERNATIONAL CONFERENCE FOR 
; Mh THE UNIFICATION OF METHODS OF TESTING BUILDING AND 
STRUCTURAL MATERIALS, HELD AT ZURICH, SEPTEMBER 9, 10, 
_ AND 11, 1895.* 


bei On Monday, September 9th, Prof. L. von Tetmajer called the 
Fifth International Congress for the Unification of Methods of 
eS: 4 Testing Building and Structural Materials to order, and thereupon 
be _ welcomed the participants, thanking the Fourth Standing Com- 
_ mittee and the various chairmen of sub-committees, and also the 
Fedéral Government, the President of the Swiss School Board, 
the City Council of Zurich, the management of the Northeastern 
Railway of Switzerland, the editor of the Swiss Building News, 
ed the engineers of Zurich for their assistance. He also an- 
or that this Conference was entirely public and entirely 
4 - unfettered, with the object of mutual exchange of opinions and 
experience; that the resolutions were not of a binding character, 
and only serve to express what the majority of those present con- 
sider to be the truth. After a few business notices the speaker 
_ referred to the order of business and to the fact that at the Zurich 
- Conference a first attempt was made to define, in a series of com- 
_ prehensive addresses, the present state of the art of testing various 
: special classes of materials. He also pointed out that a number 
of the twenty problems remitted to the Fourth Standing Commit- 
tee had remained unsolved, because the legacy left by the late 
Professor Bauschinger consisted mainly of difficult problems. 


*This Appendix has been prepared by Mr. Gus. C. Henning, Secretary and 

- Reporter of the Committee of the American Society of Mechanical Engineers 
upon Standard Methods of Test and Testing Materials. Mr. Henning was com- 
_ missioned to attend this conference as accredited delegate of the Society, and 
_ reported informally the results at the New York meeting of the Society in 1895. 
Persons interested in the previous work of these conferences and the Society’s 
i eye relation to them will find earlier appendices numbered as papers Nos. 378, 479, 
480, 550, 551 of the Transactions of the Society.—Secretary. 
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The speaker called attention to the multilingual character of the 
proceedings, and stated that all announcements, propositions, etc., 
through the praiseworthy assistance of various professors and 
engineers, members of a special interpretation committee, would 
_ be translated from one language into the other. 
s Prof. L. von Tetmajer thereupon called attention to the printed 
.. papers added to the archives of the Conference, and made special 
_ reference to the four volumes issued by the French National 
Commission, edited by Professor Debray, and published by E. 
Rothschild in Paris, relating to unification of methods of testing, 
and requested examination of the same. 

After reading obituary notices of members deceased’ since the 
Vienna Conference, and making several announcements, the floor 
was given to the representative of the Swiss Government, Major 
H. Bleuler, President of the Board of Education. 

President Bleuler expressed thanks for the honor shown by the 
Conference tothe country, the city, and the Swiss Polytechnic 
School by accepting their invitation, brought greetings of the Swiss 
authorities and the country, and wished success in the work and 
efforts of the Conference which had caused so many eminent 
men of science and practical professions to gather. 

On motion of Prof. L. von Tetmajer, representing the Chairmen 
of the Fourth Standing Committee, the following officers were 
elected for the three days of the Conference: _ 
Chief Building Councillor BERGER, Building Director of Vienna. 
Professor Dr. LEDEBUR, Royal Saxon Mining Councillor, Freiberg. 

Chairman : 
Major H. BLEULER, President Swiss Board of Education. Bs ; ey 


Secretaries : 
P. Desray, Chief Engineer P, and C,, Professor at the National School of 
Bridges and Roads, Paris. 
Prof. A. MaRTEns, Engineer, Director Royal Prussian Testing Laboratories, 
Berlin. 


' SECOND DAY. 


Honorary Presidents : 
Prof. J. BENETTI, Director School of Application for Engineers, University, 
Bologna. 
E, Potonceav, Chief Engineer Paris-Orleans Railway, ex-President French 
Society Civil Engineers. 2 
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Chairman : 


Court Councillor Dr. ExNER, Director Imperial Royal Technical Trades 
Museum, Vienna. 


Secretaries 


G. ALPHERTS, Director Holland Technical Bureau Colonial Ministry, Govern- 
ment Representative. 
A. SAILLER, Chief Engineer of Mines, Vienna. ; 


Honorary Presidents ; 


His Excellency Professor BELELUBSKI, Director Testing Laboratory of the In- 
stitute of Roads, Delegate of the Russian Society of Engineers, St. Petersburg. 

Gus. C. HENNING, Engineer, Delegate American Society Mechanical Engi- 
neers, New York. A = 


Chairman : 


Prof. C. ZscHOKKE, Engineer, Professor of Engineering, Swiss Polytechnic 
Institute, Aarau. 


Engineer GReEIL, Director City Testing Laboratory, Vienna. 
Engineer RoussEL, Chief of Testing Laboratory, Malines Arsenal, Belgium. 


Upon request of the Chairman, the officers elected took their 
respective seats, after provision for interpretation of the proceed- 
ings had been made, on motion of Engineer Luiggi, Livorno (Leg- 
horn), and of the Baron Quinette de Rochemont de Paris, when 
Government Councillor Dr. Kick, Professor at the Technical 
High School at Vienna, took the floor to deliver an obituary 
address on the late Prof. J. Bauschinger of Munich. 

In place of Dr. Delbrueck, who was detained by sickness, Mr. 
Dyckerhoff of Amoeneburg read the obituary on the late Dr. 
Boehme, the founder of the Royal Prussian Testing Laboratory 
at Berlin. 

The President thanked the speakers for their remarks, on behalf 
of the Conference, which arose in honor of the late Professor 
Bauschinger, and moved to send a telegram of good cheer to Dr. 
Delbrueck. 

Having carried out the programme of Ge day, the meeting 
dispersed at 120’clock, 


A. MaRTENS. 
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MINUTES OF THE SECOND Day. 


Called to order at 9.15 a.m. 

Prof. L. von Tetmajer, before the meeting proceeds to business, 
expresses sincere regret about the accident which occurred yes- 
terday afternoon on the occasion of the descent of the Uetli 
Mountain Railway, the victim of which, Professor Hanisch of 
Vienna, had received a fracture of the ankle. The speaker stated 
that an investigation of the accident had been commenced, and 
requests those present not to consider the accident too seriously. 
Hereupon the officers elected for the second day are requested to 
take their seats. As Honorary Presidents: Prof. J. Benetti, 
Director School of Application for Engineers, University of 
Bologna; E. Polonceau, Chief Engineer of the Paris-Orleans 
Railway, ex-President of the French Society of Civil Engineers. 
As Chairman ; Court Councillor Exner, Director Imperial Royal 
Technical Trades Museum, Vienna. As Secretaries: G. Alpherts, 
Director of the Technical Bureau of the Holland Colonial Ministry, 
The Hague; A. Sailler, Chief Engineer of Mines, Vienna. 

After a few words of welcome to those present, by the Chairman, 
Chief Engineer Polonceau took, the floor, expressing the thanks 
of his French colleagues for the great distinction shown his country 
and its engineers, and stated that he and his colleagues take part 
with pleasure in the labors of the Conference, and promised,: in 
conjunction with them, to assist in reaching the.objects sought. 

The Chairman then gave the floor to Councillor of Mines 
Professor Dr. Wedding, who read his paper: “ On the results of 
previous attempts at unification of analytical chemical analyses of 
iron.” The speaker pointed out the reasons which necessitate 
attention to the chemical composition of iron, and methods of 
analyses which serve to check manufacture and those which serve 
to identify the finished product. Next the sources of errors were 
discussed ; and the oft-observed variations in analytical results 
were shown to depend upon : 

8. Greater or lesser care of chemists§ 

_ 4. Difference in reliability of methods used. 


a Messrs. E. Polonceau, G. C. Henning, E. Schroedter, and Toldt | 


took part in the discussion. 
After close of the discussion, which pointed out the importance 


le 


i 
rus: 
. 
‘ 
t= 
3 


APPENDIX. 


3 a of the subject and the desirability of regulating methods of analy- 
2 tical chemical analyses, the Chairman thanked the speaker for his 
clear and interesting discourse. 

The next paper, by Baron H. von Jueptner, which is closely 
allied to the foregoing, was “On the necessity of unification of 
methods of iron analyses.” The speaker, referring to a mass of 
evidence, pointed out the unreliability or inconsistency of the 
present condition of analytical chemical analyses of iron, treated of. 
the sources of error, and emphasized particularly the desirability 
of standardizing the atomic weights to be used and the methods 
by which samples are to be obtained. Among the methods, dis- 
tinction should be made between those used for. scientific and 

_ those for industrial purposes, and the relative accuracy of various 
methods should be determined. 

The paper was discussed by Dr. W. Sonne, Dr. Wedding, and 
KE. Polonceau. 

At the close of the session the President announced that the 
Wedding-Jueptner motion, read by Profesor Brunner-Lausanne, 
proposing the formation of an international commission for the 
purpose of establishing a standard method of iron analyses, had 

been adopted. The members of this commission are divided into 
see sections, with instructions to report upon and make recommenda- 
tions for the method of obtaining samples and of analyses of the 
various elements found in iron. 

Hereupon the third subject on the programme was taken up, a 
paper by Prof. Dr. Fr. Steiner, “ On the results of investigations 
of influence of low temperatures on the behavior of ‘ Flusseisen’ 
(low steels),” being supplementary to the report on the subject 
presented in printed form by the author in conjunction with H. 
Gollner and C. Ludwik. The paper, and the question whether 
the study of this subject is to be continued, were discussed by 
Messrs. Polonceau, E. Schroedter, A. Martens, Toldt, the author, 
M. Barba, and R. Krohn. . 

Finally the motion formulated by the President, ‘“‘ The Com- 
mission is to be continued to pursue further studies,” was adopted. 

Hereupon a recess of one hour was taken. ate, 

Meeting reconvened at 12.45. meee 

The chair was taken temporarily by Mr. Banovits, Royal Honor- 
ary Counsellor and Railway Director, Budapest, who gave the 
floor to Court Councillor Exner, to present his paper, which had 

been set down for-the third day, “On the present status of 
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methods of testing paper, textile fabrics, and other allied 
materials.” 

This paper, received by the members with the deepest interest, 
was fully discussed by Profs. A. Rejté, N. Belelubski, A. Hauss- 
ner, and A. Martens. 

Upon conclusion of the discussion, the author resumed the 
chair, and Chief Engineer G. Eckermann, Chairman of Sub-com- 
mittee 19, took the floor, to move that in view of the fact of the 
ample report presented and the unanimity of opinions on the car- 
dinal points treated by it, the work of the sub-committee be con- 
sidered as terminated. 

After a lively discussion by Messrs. Barba, B. Banovits, E. 
Polonceau, L. Baclé, F. Steiner, L. von Tetmajer, A. Pourcel, 

v. Leber, and Exner, the following very comprehensive resolution 
was offered by the Chair : 

“The Conference decides, fully appreciating the meritorious — 
work of Sub-committe 19, that it Beems desirable to continue fur- _ 
ther study of ‘ Flusseisen ’ (low steels).” a 

The next paper is presented by Prof. B. Kirsch, Chairman of — 
Sub-committee 13, “On the execution of comparative tests and 
determination of the most practicable and simple methods of _ 
measurement and expressions for flexibility of metallic bars.” 

After a short discussion of the paper by Messrs. E. Polonceau, 
N. Belelubski, v. Leber, v. Stoltz, and Martens, the résolution of — 
the Committee is adopted. 

Prof. N. Belelubski is invited by the Chairman to communicate | 
to the members his announcements, shortened because of lack of | 
time, in an exhaustive manner. His studies relate to new method — 
for the determination of toughness of wrought iron by bending 
tests, using same as a substitute for measures of extension in ten- — ati 
sion tests. 

_ On accaunt of lack of time three other reports were postponed 
to the following day, and the meeting then adjourned. 
G. ALPHERTS. 
ALB. SAlLLER. 
Zuricu, September 10, 1895. 


MINUTES OF THE THIRD Day. 


Prof. L. von Tetmajer made several business announcements — eee: 
the 
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The tests are to be continued. 


before proceeding with the regular programme, and stated that 
the following new books had been donated to the archives of the 
Conference : 

Professor Le Chaielier, Paris: Bulletin of the Society for the 
Encouragement of National Industry, Nos. 113 and 114, Vol. X., 
Fourth Series. Nos. 113 and 114, Annual for 1895. 

Chief Councillor of Mines Berger, on behalf of the Austrian 
Engineers’ and Architects’ Association: Report of the Committee 
on Vaults. 

Professor Debray, Paris: Bibliographic notes on the question 
of tests and testing laboratories for materials of construction 
(VII., 1895). 

Mr. v. Leber announced, amid general gratification, that the 
member injured during the railroad excursion, Professor Dr. Han- 
isch, was progressing favorably under trying circumstances, and 
there were good reasons for hoping that the invalid would at no 
distant day be entirely cured. 

Hereupon Prof. L. von Tetmajer invited the gentlemen selected 
to officiate during the day to take their seats. The Honorary 
Chairmen were his Excellency Prof. N. Belelubski of St. Peters- 
burg, Engineer Gus. C. Henning of New York. Presiding Chair- 
man was Engineer C. Zschokke, Professor of Engineering Science 
at Zurich. Secretaries: Engineer A. Greil, Vienna; Engineer E. 
Roussel, Malines, Belgium. 

Messrs. Belelubski and Henning thank the meeting for the 
honor conferred upon their countries by their selection as honor- 
ary chairmen. 

Upon inquiry by the Chairman it was decided to submit the 
minutes of the two previous sessions to a commission of three, to 
verify the same, consisting of Messrs. Prof. L. von Tetmajer, 
Chief Engineer R. Moser, Professor Dr. Amsler-Laffon. 

Mr. Henning at once was given the floor to deliver a short ad- 
dress on “ Methods of testing cast iron and other materials from 
a new point of view.” ; 

The investigation, which is still incomplete, has already shown 
that cast iron behaves in a peculiar manner when cooling from 
the molten state, or from a white heat, which is dependent upon 
the composition of the bars, similar results being regularly ob- 
tained with similar material. The accuracy thus obtained is not 
less than that observed in chemical analysis. 
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After Engineer Osmond of Paris discussed the subject, the un- 
finished business of the previous day is resumed, viz. 

Report 14. Professor Councillor of Mines A. Ledebowr, Frei- : 
berg: “ Appreciation of fragility due to acids; determination of __ 
this property in wire.” 4 

After a communication by Engineer Henning, New York, 
relative to a roller apparatus in use in the United States for at 
least twenty years to determine this property, in which the wire 
is not only strained in tension, but also by repeated bending, and. | 
a few remarks by Engineer Pourcel of Paris, the meeting adopted 
the resolutions offered by the author. 

Report 15. Prof. A. Martens, Berlin, reported on “ Apprecia- 
tion of methods of examination of the micro-structure of metals; 
discussion of the possibility of establishing a standard method of i" Pet 
examination; propositions.” The reporter arrived at the conclu-— 
sion that micrography of metals has not yet reached that stage 
so as to be on the same plane as the tension test or chemical 
analysis, to permit formulating methods of examination. In the __ 
report and the discussion the belief was expressed that further __ 
development can be entrusted to the laboratories and investi- ‘ 
gators. The Conference should, however, approach the various _ 
governments, in order to promote investigations, and to favor an 
advance of moneys for the purpose of publishing the work of review 
of this subject, which had been entrusted to Prof. H. M. Howe 
of Boston; and that a model collection of typical sections be | 
established, by which a basis for comparison of methods may be 
secured. 

Hereupon the report of Prof. Fr. Kick, Vienna, on “ Apprecia-— 
tion of the impact test, and formulation of rules for its execu- __ 
tion,” was presented. Chief Engineer Polonceau called attention _ 
to the fact that the publication presented by the French Com- — 
mission contains a report by Mr. Durand on a method for this 
test. 

After a protracted discussion by Professor Nagy, Budapest ; 
Professor Kirsch, Vienna; Professor Martens, Berlin; Mr. iz 
Henning, New York ; and the author in closure, the recommenda- oe 
tions of the sub-committee are adopted. 

Next, Professor Dr. Kast of Carlsruhe presented his paper | 
“On the present status of oil tests.” The speaker emphasized 
that there still exist uncertainties about properties of lubricants, © 
which are of importance in tests and opinions; these are still — 
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further magnified by the varying composition of mineral lubricat- 
ing oils, which are now mainly used. After discussing these con- 
ditions, and describing the methods and apparatus now generally 
used, the speaker proposed the formation of a sub-committee to 
study and prepare standard methods of tests; this was adopted 
after a few remarks by Chief Engitteer Polonceau. —__ 

A recess of one hour was now taken. es 

At 1 o’clock the meeting reassembled, and Director Dellwick, 
Liljeholmen, briefly describes the new Wyborg Thermophones for 
the measurement of high temperatures. According to statements 
by the speaker, these thermophones consist of clay cylinders, in 
the centre of which there are fulminates, noting the time required 
to cause explosion ; high temperatures, it is stated, have been 
determined to within about twenty degrees of accuracy. 

The Chairman then gave the floor to Mr. R. Dyckerhoff, 
Amoeneburg, who read his paper “On the results of investiga- 
tions to determine the effect of sea water on hydraulic cements.” 
A very spirited discussion was had on this paper by the Baron 
Quinette de Rochemont, Paris; Dr. Michaelis, Berlin; His Excel- 
lency Major-General Schulatschenko, St. Petersburg, His Excel- 
lency Professor Belelubski, St. Petersburg, and Professor Debray 
of Paris. The Conference decided that a sub-committee be 
appointed to study the subject. 

Hereupon the Chairman put the question as to whether the 
prepared programme was to be carried out, or the written petition 
of several members was to be granted to proceed, on account of 
lack of time, to the discussion of the formation of the future organ- 
ization of the Conference. 

The majority deciding in favor of the latter, Prof. C. Bach of 
Stuttgart took the floor to present his report on the proposed 
constitution, which had been distributed in printed form. 

After a thorough exposition of the French efforts to establish 
standard methods for testing all materials of construction, and a 
criticism of the proposed constitution, by the Baron Quinette de 
Rochemont, and a lively discussion of it by Director Peters, Chief 
Engineer Polonceau, Professor Debray, and Engineer Henning, 
the meeting decides to adopt it as formulated, and then to revise 
it, as may be required from time to time, by amendments. 

Prof. L. von Tetmajer then presented his report on the question 
of issuing an official gazette, and recommended that the final ar- 
rangements looking to this end be intrusted to the council, who, 
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while protecting the interests of the Conference, were to make 
definite arrangements with Professor Giessler of Stuttgart. 

This recommendation was adopted after having been further _ 
discussed by Professor Debray and Chief Engineer Polonceau, 
who heartily concurred in the proposition. The Chair then pro- | 
ceeded to the election of the proposed Council. 

Those elected are : 

Chairman: Prof. L. von Tetmajer, Zurich ; Councillors: Pro- 
fessor Belelubski, St. Petersburg; Chief Building Commissioner 2 
Berger, Vienna; Prof. A. Martens, Berlin ; the Baron Quinette 
de Rochemont, Paris. 

The election of the Vice-Chairman is left to the Council. 

The Chair then took up the discussion of time and place of 
the next meeting. 
It was decided to convene the Sixth Conference in Stockholm, 
in 1897; and the Seventh Conference in Paris, in 1900. : 
Upon motion the meeting decided to intrust all unfinished 

business to the Standing Committee of the Fifth Conference. 

Professor Kick, Vienna, finally requested the floor, to move © 
votes of thanks to the authorities, to Prof. L. von Tetmajer,as _ 
well as to the respective chairmen, and suggested a rising vote, — 
which is taken. 

Hereupon the Baron Quinette de Rochemont took the floor,to _ 
express thanks and admiration, on behalf of the French rep-— 
resentatives, to Major Bleuler, Hofrath Exner, and Professor © 
Zschokke, for the successful management of the Conference. 

_ The Conference was adjourned at 4 P.M 


A. GREIL 
E. RovssEt, 


Zuricn, September 11, 1895. 


Read and compared with the stenographer’s reports, and found 
a correct. 


ZuricH, October 19, 1895. L. von Termaser, M.P. 
Zuricu, October 21, 1895. Ros. Moser, M.P. 
SCHAFFHAUSEN, October 22, 1895. Dr. J. AmMsLER-LaFFoN, M. P. 
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GENERAL INDEX TO VOLUME XVII. 


[Nore.—Names of Authors and Debaters are printed in sma. caps.; Titles of Papers are 
printed in italic type.] 


ALBERGER, L. R., A self. cooling condenser ; 

ALDRICH, W. Ss... disc., friction of screws, 107; generation and transmis- 
sion of water power, 55; proportions of high-speed engines, 130; 
tests De Laval steam turbine, 89 ; water power of Caratunk Falls..... 

Alum in oil filtration .... eon 

Anvil-weight for drop-press ... 

Appendix to Vol. XVII., Proceedings Fifth International Conference on 

. Methods of Testing Materials ..... 

Automatic mechanical stokers, exp. with 


BAKER, C. W., disc., retarders in fire tubes of steam boilers. 

Bana, H. A., dise., oil extraction 

BaRR, JOHN H., The proportions of high-speed engines, 117; dise., tents of 
steam boilers with different kinds of coal.... 

BaRrRvs, G. H., disc., efficiency of a steam boiler, 656; new form of steam 
calorimeter, 614 ; retarders in fire tubes of steam boilers 

BENJAMIN, C. H., dise., method of determining strength of pump cylinders. 

Briutnes, C. E., Salutatory,6; The modern drop-press, 31; disc., coal or oil 
as fuel, 317; forge-shop design 

BIssELL, G. W., Recording device for testing machines, 76; disc., material for 
filtering oil. 

Buioop, J. B., dise., classification catalogue for an euginecting library, 439 ; 
structural steel fly-wheels..... 

Blower capacities 

Blowers, experiments with. . 

Bonner, W. T., disc., oil 

Boyer, F. H., disc. oil extraction, 309 : ‘throttling calorimeter ........... 

Bryan, W. H., The western river steamboat, 386; disc., determining moisture 
in coal, 602; efficiency of a steam boiler, 645; exp. with automatic 
mechanical stokers, 590 ; new form of steam calorimeter, 617 ; retarders 
fire tubes of steam boilers, 468 ; self-cooling condenser... . 


Calorimeter, experiments with, 151, 175 ; new form of 

CARPENTER, R.C., E fect of temperature on strength of wrought iron and 
steel, 198; New form of steam calorimeter, 608 ; disc., comparative tests 
of steam boilers, 276; proportions of high-speed engines, 131 ; relia- 
bility of throttling calorimeters, 193 ; throttling calorimeter, exp. with 

Cary, A. A., disc., determining moisture in coal, 605 ; efficiency of a steam 
boiler, 662 ; exp. with automatic mechanical strokers, 591; tests of 
steam boilers with different kinds of coal. . 
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Cast iron, transverse strength of 


Catalogue system for engineering library 
CAWLEY, FRANK, memorial notice Of.............ccsecccscccccccscessces 
CHAMBERLAIN, P. M., Some data relating to forge-shop design, 219; disc., 

classification catalogue for an engineering library 
Classification and catalogue system for an engineering library, F. R. HUTTON 


Comparative tests of steam boilers with different kinds of coal, C. E. EMEery. 


Contraction of beams at high temperatures 
COOPER, JOHN H., disc., location of engine condenser .............. Sonat 
CorTHELL, E, L., proposes an Institute of Engineers..... ............ niet 
JAmme'G., memorial notion of... 
Daruine, EK. A., disc., oil extraction. ...... 
Data relating to forge-shop design, P. M. CHAMBERLAIN..............000 
DAVIDSON, GEORGE, memorial notice Of 
Davis, E. F. C., in memoriam.:........... alt 
DEAN, F. W., dise., drop-press, 39; tests of steam boilers with different 

kinds of coal, 284; throttling calorimeter............. 


DENTON, JAs. E., The reliablity of ‘‘ throttling calorimeters,” 175; disc., 
friction of screws, 110 ; saving fuel in an oil refiner, 148 ; tests of steam 


boilers with different kinds of 
Determining moisture in coal, R. 8. HALE 


Effect of retarders in fire tubes of steam boilers, J. M. WuitHam, 450; 
_ temperature on strength of wrought iron and steel, R. C. CARPENTER, 198 ; 
upon the diagrams of long pipe-connections for steam-engine indicators, 

Efficiency of a steam boiler, what is it? WM. 
Emery, CHARLES E., Comparative tests of steam boilers with different kinds 
of coal, 237; Means adopted for saving fuel in a large oil refinery, 141; 
dise., reliability of throttling calorimeters, 193; self-cooling condenser. 
Eaperimental method of determining the effective centre of the light emitted 


from a standard photometric burner, D. 8. JACOBUS..... 
Experiments on the friction of screws, ALBERT KINGSBURY, 96 ;. with auto- 

matic mechanical stokers, J. M. WHITHAM............20ccceeecesceees 
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FRITZ, JOHN, disc., drop-press, 38 ; oil extraction. 
Fuel saving 


GAINES, F, F., Proportions of high-speed engines 
Generation and transmission of water power...............eccesceccseues 
Goss, W. F. M., Hffect of long pipe-connections for indicators, 398; Tests of a 
ten-horse-power De Laval steam turbine, 81 ; disc., a hydraulic dynamo- 
meter, 485 ; effect of fire on machinery, 735; self-cooling condenser. . 
GOUBERT, A. A., Some experiments with the throttling calorimeter .... 
GREEN, 8. M., disc., forge-shop design...... 
‘GRIFFIN, CHAs, L., disc., friction of screws... 
Gri, P. H., disc.. oil extraction 


R. 8., Determining moisture in coal 
HA, A. F., disc., long pipe-connections for indicators....... 
HENDERSON, G. R., Spring tables. . 


G. C.; Appendix, Minutes of Sifth conference on methods of testing 
materials, 748; disc., a hydraulic dynamometer, 483; determining moist- 
ure in coal, 604; effect of temperature on wrought iron and steel, 206 ; 
structural steel fly-wheels, 418 ; transverse strength of cast iron 
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